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EDITORIAL 

Dear readers and members, 

Despite the obstacle of time and management, the Thai Journal of Pharmacology has its opportunity 

again to be in your hand. This issue is about 2 months late but better late than no delivery. Some 

members might also have a message ofour annual meeting in K.hon-Kaen held on 21-23 March 2001. 

More details of this meeting is available at the end of this issue. Together, we plan not only to 

continue our traditional meeting, but also to visit our members in Khon-Kaen. You might already 

have noticed changes in the Thai Journal of Pharmacology. In this issue, we began a new 

'Phytomedicine' section, featuring on some traditional drugs originated from herbal medicine. In 

an attempt to investigate efficacy, toxicity a~ well as therapeutic uses of our traditional medicine, a 

review of some standardized traditional drug from Europe will be a good example of the Thai 

traditional drugs studies in the future. As some one said that pharmacology is quite different from most 

other biological sciences because it does not ask how nature works, but rather how can we change 

nature? Answering this question requires the integrated efforts of multiple techniques. Moreover, 

pharmacological investigations are the studies of what drugs do to the body and vice versa, to come to 

a total understanding of a drug needs also a good research management. The Thai Journal of 

Pharmacology aims also to reflect the many facets of pharmacology. The changing of 

pharmacological discipline and molecular understanding new drug of this new decade will be also 

informed as a review and in the pharmacological digest. The section of letter to editors will be 

provided for your forum, sharing ideas, academic argument, comment, debate and etc. You are all 

invited to be stakeholders in this section. So write to us, criticize us and help us. I still have a hunger 

with research articles and am looking forward to seeing you all at Khon-Kaen. 

Supatra Srichairat 

Editor 
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~1 '1 ~:i1mJi11·H•rntiu11m1vi'1unmtw~rn1u~1111~111rn1 111m1tnil?J'iVJm~lvi':i1Teirni1li1 . " 
:i1Bri1t.1affil'W 1vi' uuu0BBnri1 hhnilU 2 t&lilt.1 vlil1Vililil'l'JilU11i11lJ1 ru~O ttl'iililf1illl'JU~&J 

" 
ni1 hi il il n mu~ 111 ~ ri1u ilm:anui~ ri1u BTil 1vi'-l'u~11 m11rn1~1111b~?J:i.J'i?J1rn11.h~'il1'i'J v eN • 
ilm111mni\'?J'i'Ylmtt'11~1b~l'YIA1'Yll'J ~'il~i1?l'u1u1u~ 21-23 i1m1rn 2544 d ~~1111111 
v Bmtriu 111J<1~ta1J111vB~rn1u1~?J:i.JOi1~ri1uli'11Jvil~uuudvi'11J t 1111~ ttwt.1~1:1-Jii't.1 li'i1 ~lt.1 • 
U'i~?J:i.J111~~illi.it Wl'J~ lllii'il~ilU'Y!il111fll'i~111U'i~?J:i.J~;11t llt.1u'i~l wrulii ill ii il~tl'WlJ1f1i1 20 'i'J tub 

• • 
ttl'i irr~ t ll um 11111'1utm1Jma1Ju ilm:an?J11v Bu u riu 1i n vi'11J ri1u 1111 lvi' i\'~ tn 111i1111m1 til il?J'i'Ylm :i1 

f11'il u~l'J'WU u<1~u1~ t~nu ill'J 1uuuudt~:i.Jvl'W1 tt'i1ri1t.1vil1 Phytomedicine ~ l~l'J1numuwu 
lu11ruui1iil1~lvi''il1nw?Jil:i.Jt.11 w1 vi'11J11111:i.Jwmm:i.J~'il~Am11li~u1~ll'Ylllmw m1m uu • 
W'M111<1il111'il'WU'i~ l!'J?Ju1 urn1-l'n'M1?J Bw1uwu 1 u11ruv il1l 'i1 fll'i'YIU'Y11t.1111rum1:i.JVB~muwu 

1u11ru~i;J1um1111 'i1'il ilil um 111 'i\ll uv B1l'J111...I~ i1rn10n1'11 m B ti1~ t llu 1~uu m ri Bmt<i'1'il~ t ll u 
~ . 

U 'W1'YJ1~ ll<l~iil1ilU11~&JtiiBf11'iAf11'11l~l'J1flUl'J1UN'W L U'i1W?Jil~ 1VJl'J11111 'Will.11111111 

ri1u 1vi'mh1 Hi1 tilil'?J'i'Ylmi1m1mt111nlii1~'il1f1'i'Ylmfl1i1111fvi'1u:g1mw~u '1 l w11nnil?J'i'Y!l'Jl 

1i.i1vi' m:i.Jilil'i'i:i.J?J1&\t llt.1Bti1~ h ttliin'1rn llui1 t 'il'il~l u~l'Jmtu0Nil'i'i:i.J?J1&\lvi'Bti1~ 11 ~~ 
u ti 'W il'Wil l U'W 11...11 'W 'Yll~ ~&l lii il il?JillW :i.J'W 'Mrl f11'i111iJUA1mm11 ril d vi' il1 fll'i m1 :i.JWm l'J1 :i.J~1 :i.J • • 
tl'W?J il~lilf11'i~l1<l1f111<l11'J ~11 Uf1i10 fll'i'YJ111iliJU'Yll~lilil'?J'i'Yll'J1~~Af11'11i1m;11 il~ hfi'u11~ 
mmw~ 1 um~n'1uilu ~;111 ttt'111 hBti1~ ri B1tt li'li1iil1mif u '1 vi' B1m111u'i~1J~i1rn1u~1111~111 
m 1 Bti11 m:i.J1 ~ il:i.J 1111llu1~<11 A'v B~111m1 tn il?J'iVJm hh wm uliivi' il~ rn 1il~li' ilt.1li~mw11:1-J 1 

• 
v B1 lil il?J'i'YI l'Jl uliiu~ vi' B1 m1il~li' Bu li111'1 n m1VJ11 tn il?J'i'YI m u<1~m1m'111h1 u .,~ t'lu 1m<i n <i • 
v il1m 111i.ivil1flm'i'i'MO 1 t.1'lU'YIU'Yl1'W1'i'iWf1'i'i:i.J U<I~ 1 u pharmacological digest 1 uri1t.1 

" 
v il1'il 11111 lJl l'J li1u11ru1 llf11'i'il~ l U'WV il~ n1'W'Ylf1111 'W 111l 1Ji1111tl1~ l U'W m A'i:i.J~ ll ti1i:lt.111111:i.JA111 • 
!lmll1J~'Y!11'i?J1rn1 1 tt''llBA111 'llil 1vi'u1l1tw~~u '1 vm:atlJ 1MYJf1'Yi1u1vi'i1ri1u11:i.J 1 uri1ud 

u~if u t:gtmmli1t11 'i'il11ru tw~-li1m 11u1~ t 11u~111~vi' B1m1w<111u'i~1J'il1nri1t.1 il~ u<\'1 
..... .J ' l 'ii il f1 'W 'YIV il 'Wllf1 'W 
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LETTER TO EDITORS 

"' d • ~ 
tt UL '!Hl~ 'ill fl fll"i \il 1 L 'W 'W f11 'l'IJ iN 

m1. L~l'l1iluTI' m;a8'W\il'lll'l'illflfl1'l 1itn • 
Phenylpropanolamine (PPA) l\ill'JAru~ 

~ """" .J QJ fl'W f) 'j'jl.Jfll'jflffl:fl1'ill'J Lf) 1'11 nu fll'lA1U A l.J • • 
8''W0"ill'l'illfl fll'j 1im 1o\YJ'iJl"it!Jl'l.h~L~'Wiil-1 

' d 
nm1 Ll.Jfl 21 W.l'I. 2543 At!J~f)'j'jl.Jf)l'j 

1 ·~ • d I'll \ilW'ill"it!JlLL<l1Ll.Jfl 28 W.l'I. 2543 LL<!~ 

w ru, 1:o l.J'W .i'li1 m., m~'Yl"i1' m i'il., ru <I'll 
~ . 

1"1 <N'Wlmh~m l'IL U'Wl'h&~ m~'Yl"i1~m-
.J .d QJ 

i'il"it!J<l'IJ'YJ 1140/ 2543 Ll.Jfl 14 1i'W11Al.J • 
254 3 LL<i'1 llill'ln1M'W\il hl'i:Ji;i1\.imt11u 

• 
LU~l'J'WUll'll PPA flflf)'iJ1fl<f'1"ivh1'um~1"1 

• 
t'W'YI~ L Ul'l'W H1'WU"i~L'YI1'11 'Yl l'J'Ylf) v111'Uilll'I • 
1'W 180 ·foif'W a:1.J1:iin'llfl~amAmna'IJ-
~ 'ti 1 ~ 1J ~ 1'Yll'l1LLM' "i~L'YJl'l 'Yll'I l.JAJll.J<f'W 'iJLntJ1flU 

TI fll.J<l 1 'W"lll'l<l~LBl'l\il LL<l~AJll.J Lttl.Jl~<ll.J 1 'W 
• 

m"llii1Lil'Wm"i'lleM tJl'J. 1'WL~fl,ii'mh,mn 
Aru~m"il.Jfll"iU~m"i<fl.11Al.J°1 ~' 1"1ilm"i 

tl"i~°lfl.J<!"itl~mm LL<i~'Wll'lfl<fl.11Al.J°1 1"1 • • • 

~ . 
L<i '111 i'i m "i A ru ~ n .,., l.J m "i mm "i LL<!~ I'll u <11 

Ldt1 21 B'W11Al.J2543iil,tl"ilfl!]1'W 

website '1Jtl-1<fl.J1Al.J (http://www. 

phartherst.or.th) LL<l~ 1'W~<l<ll"i'llfl-1<fl.J1Al.J 

uUUl.JmlAl.J 2544 

.d "" .J 
Ll.Jtl1'W'YI 18 l.Jf)"ilAl.J 2544 'Wll'Jf) 

am AWi 1"11rntlr;y'il1 ntl .,~ ol'W A ru~ m"i l.J -
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. ~ ~ 

'11 fll.J<li'll,Lil<f'IJ1Yl111'1Jfl'l'Jl PPA LL<!~ • 
' 

""' ... """" Q "" ""' 1 LA "il ~ '11 (;J <I fll'l1'il l'I Lil 1'11 nu m 'j Lil '1il11~ 

L~fl \il flt1n 1 mm fl' .i <1 fl \il'il'WN<im~'Ylu~il 
vit1w1im PPA ~' 1"1i'lnmTI't1:1.Jm~l.JL&il.J • • 
LL<l~<f"itl~ ti A\il L M'W'ill nrr.:iu fll°lflfll"iill l'l 1 'W • 
U"in 'Yll'lLL<l~vll,tJ"i~LYll'l iJti"l~L~'W~1A~~ 
LL'il~ L ~l.JL&il.J'illfl~<l"itllfo<f1 L 'W'il<l<ll"i L vlt1 • • 
1 M'am:iimLa~i:Ja'W L'il 1"11uYJ"i1Uiil~ii' • 

i'lm:n PPA '!lt1,11riarnM1i'Yll'llil'mtrn • ,,J ,.,,. ..,,...,.,.,.,,. 
1. fl<ll.J'YIWU11l.JA11l.J<ll.JW'Wiltll'll~l.J • 

Ul'l'11flqj'YJ1~a1\&l"i~'l1ll-1fll'j 1i PPA nu 

fll"iLO\il L~ tl'1 fl till l 'W<fl.J fl~ iJ L Yl l'l'fl ri l.J L~l'l1 • 

fllttl"i ri1m1cil.J<10'l~1i PPA L \'J'Wl'llLLrl • • 
Ml\ilfl\il'ill.Jfl ua~nrimwl'l°lfll'IYJ~'\11.J\il 1:Wil • • 

QJ <V .,..,:.,,."" 0 .... 

A11 l.J <ll.JW 'W ili'l l.J 'W l'I <fl A fl! 

2. fll"il'li' PPA Ll'J'Wl'Jl<l\ilA11l.Jfll'llfl 

fllm"i iin'il~ 1'1l''ll'W1\il<l~ni1m"i 1iL \'J'Wl'llLLn 
• 

'11l\ilfl\il'ill.Jfl U"i~l.Jlru 3-5 Lril i-'ifll'li''ll'Wl\il • 
l.Jlf)f)ll 7 5 l.Jf). vltll'W 

·~ 3. LLl.JW'ill"it!Jl Lu'Wl~A1ll.J'\1l.J11J'IJtl-1 
I ,J IQ <V "-' d"-' I,,,.,,_. 

fl <l l.J'YJ LW\11'11 l.J A11 l.J <ll.J W'W ilfl'W fl1Jl~ l.J'Wl'I • 

' 
3.1 L'lium"iilm1~'11Lli1J' (bias) ~.:i 

a1l.Jl'Hnn.it'W1"1Mml'l~'Wm fl'W( mJ'i1nci:1.Ji:J • • 
i'lnM1'il~wml'l1l.Ji'.lfl-1nmL<i'1) L'li'W fll'jfl\i) 

L~flni:JlJ111 m"i 1"1m~-1NU11'1 m"ifl\ilNU11'1 • • • 
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<nlfl fll'>lil'l1'ilfli'lui11i' PPA 'il'.l'l Aa'111~ 

'il'.l<J rn1al-JmHrumi:w rJu1ununri:wmu . " . 
li1l-l ~<JrJ'oll-lmHruf-i111i11Lll1mci:w llil rn1 

q 'IJ 'lJ q 

<l:IJi'l'l 

3.2 fl1'lUU'il~tJii'1fl1'W (confounding 

factors) ~'l 1:w' <11 :IJl'l !l li11U li1l-J 1\il mh'l • 
.J I wg W I 

mm~"" ( 'll'l n ri :w l'J ~1 nH1 i'l1'l11 li11U li1 :w . " . 
'II 1<2.' I col I <>J I 

LL<l1 LLliltJ'lWU11:1Jli111l-JUlilflli11'lflU i'ltJ:IJlfl 
" 

'l~'Wll'lflri:IJvJU1tJLLil~flril-JmUli1:1J) Liu iJ 
q 'lJ q q 

'11 a:wri~ L ilu 1~if Iii L'ilui1nri :w rJu1uiJnri:w1i1u 
... q 'IJ q 

' 
il1iil1mnni1 rn1flnm\ll1ni1 Ll'l'lH:J:JlU~ 

~ini1 <IUUM~:IJlf)ffll iJt11~1mli111:1Jli'JlJ 
" . 

1ri il Iii a<rn1 n ni1 iJ ti 1~1&1 l'l 'la u li1f1~ iJ 
" 

L~i'llili'li'lfl 1uamMmnni1 ~:wa11mnni1 • 
1'11Lli1Lli1U:IJ1 nni1 Uri~ 1'll'rn~ilmL vi au 
tt"iffillli1mumnni1 Lllu(!\'u ~'lU'il~uii'1 
fl1U'Ylfl i1 'il~ tJ m ri1il' cl' 1u iJ'li a :w rii1 iJ l'J ri . " 
L ¥l :IJ ii Iii 'Jl fl1 "j LO lilll f.1JM1 t 'lli1'l~UUM<I i'l Iii 
L~i'llil~'l~U 

3. 3 'l!l fll 'll L li111~ M 'Yll'l <IG &\ i'll'il hi 
mm~a:w Liu 

3.3.1 l'i1aGm'lla<J111M1unri:w • 
q <>J .: ~ 

LliltJ1flUU 2 li1'l'l (May 10, 2000 LL<!~ 

December 21, 2000) UUl'l'illiJ~iJl'i1hi • 
Lvi1nu ~'l~Ltlu'll'a:wmiiiu1nu 

" 
3.3.2 nrj:w~1"lf PPA (exposure 

group) 1untj:w~lWlil'li1iJU'ua1i'l1.1J (~'Ila 
1) iJ'11u1miamou1tl (6 li1u1ur1rjl-l~ 

u1u mi~ 1 li1u1unri:wmuli1:w) a1'ilhi 
• • 

mm1mh1h 1(!}'1'Jmimiiimnu 1ut11~'111m 
' 

nri:wau • 

Borpit Klangkalya 

3.3.3 rn1'lL1i111~tt1unril-J11:w (il • 
1 itmn'l LA'll~Mflril-Jci i'ltJ) L tlu'll' i'll-J<l~L~i'l . " 
oa 1~mnni1 (~'lWUll hiiJutJtl1Af.1J'Y11'l 

a Gm) 

3.3.4 rn1tlful'i1 odds ratio 

(adjusted) Ul'il~L tlurn1tlfurtliJU'il~tJ~ill'il 
"" ..... 'II .Jd 

Lfllil'il1flli11fl1'Wli11'l '1 (~l'lli'l 3.2 ) 'ML:IJi'l 
" 

iil1i1il'il~tJmci1J1rnan 1tiLL'11 i.i1'il~ 1~1'i1~ 
• 

<tlil<l'l LLlii11tJ'llU'll cMflrj:wiJ ( mJ'u May 

1 o, 2000) LWlil'll'i1~tlfrnL<i'1n<Yrni'l:w~u 
3 .4 1 urn1w'il1wn11tJ'l1Um'l'l'YIE11-

o' ,/.:,; ~ ' .,,...,. 

I'll fllil'l fll'lU W'YltJ UU Mlfil MU1115fll'l 

flnH1m:w1111<11ilm1~'11LatJ'l 1~ mm1tl 

n1~1i1il'il~tJi11mu 1~ 'lL1i111~M"Y11'l<1Gmtln 
" 

'l/ I QI CV D (V """"' \ll (I..' 

lili'l'l LL<l~WU11:1JUtJ"11i1f.1J'Yll'lfltlli1Ll<l1 tJ'l 

Iii i'l'l w'il1111.111il1tJi1 iJ L M Iii l'Jrt A a iJnri 1n~ • 
Lllu1t11~ (biologically plausible) tt"ia1:iJ 

~I d d ~ 1 '1' mmu'l.ll'li'l'l'Y!Mll'lllill'Jrti'l5UltJ :IJ li1 li111:1J • 
i.i1L~a(lan'il~uatJ 1un1ru PPA il' m11n~ 
Lllu 1 t11~il'l hJifli1L'ilUillOli1i'l~ h~u~tl11tl 

' 
<im1~L~a1i1aan1ual-Ja'l PPA iJl'Jmw:w 
" 
1i111:wlilm~a1i111ii' ulii1iJmnun LL<t~ 1u 

'llU11il~L'11Lli1tJii'11 tlill'JrtL i'l:w1i111:w\ilm~alil 
LWtJ'l 1-2 :w:w.t11a'YJ ~,1iJiJutJa1i'l1.1Jm' 
1i1~iln (JAMA 1989; 261:3267-72) ~' 

if, 1:w' u' 1 L ~ ai1 'il ~LO li1Jl11 ~ L~ i'lli1aan1 u 

"" i'l'l'ill n n ri 1n fll'lL i'l :w li111 :w \ilu L~ i'lli1 
-~ q' 1 dq q ~ 1 • utuV11:1J11fl<I fl'Y!l-JL'lllill'J<lli1Wi'lli1i'li'l~ 'l 'lli'l 

v • 

L ~'il'il'.l'l~l'l11w'il11ru11 m~a,diJanttmtJ 
t11~L~u Liu 

3.4.l m~'1111'1i'ttrti'lli1L~i'lli1UU 
iil1 il11i'LOU'll'l.111i1JJflUl'Jrt L 'If Mrti'lli1 L~ i'llil Lu 

<l:IJi'l'liiiU (ischemic stroke) mnnilL~i'llil 

i'li'lfl LU<l:IJi'l'l (hemorrhagic stroke) 
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3 .4. 2 rJ tl1u hemorrhagic 

stroke rhu 111aj~fl~UlJtill'Ylt11'1mu<111u 
11mllu'llillil subarachnoid hemorrhage ~1 

m L lliij<bu 111aj'IJ <Mm1~L~ fllilfl flfl 1 uaufl1 

LL 1J uil' U 1iii' l.Jl'ill fl L ~ fl1 A11 lJ ii) IJ foli\illl~ fl 
d .:;i ""' '·'1.1 "" ""' L "i fl111'1 fl lil L<I fl lil lillJ LL\il lJ fl!fl lil'illfl fll"iU 

11 <1 fl lil L~ fl lil i1 lilt! fl ill1ti~wfl11 uu1~'il lil 
• 

d 1 ·~ 11 d ~ 1 • (aneurysm) 'If~ lJlJfl<I fl lil'Yl'il~fln1J111 lil 

llLO\il'illfltll PPA 

4. Llil11a1tiLL.i'1r.Ji.1fll"li-1flMlL~fl~ ellil"il • 
L~11~ fll"l L ii lil L~ fl lil fl fl fl 1 u au fl'l'ill fl m 11 'll' 

PPA Llil11flriuum'l'Ylm'1m111.1il' ifoiiiflt1fl • 
LO 11-:i il u fl ti1uiii'1u'lilm1 i-1 fl Ml 15ti1~1ilm1 

" 
r.11La11~ u<1~u'il~mn1mulii11 '1 11lm1 

'l LA"il~M'Yll~af;\i)) LL<l~\ildllJL llu 1 tiliii''ll fl'l 

fl<i 1fl\il1u11'1fl'l'll1m1 ~-:i1'111 M'ii-:iiiilt)Jm 

\il11lJU1 L~flOflflti LL<l~A1"lauuauu 1 M'il 
" . 

m1i-1flM1i fl lJ<I L 'liu L~111 iluil'1 u fl ri lJti1~ -
" . 

'lllfl"i~IJ '1 11ilm\lWl~flti1-:i~-:i1uAU1'Yl11 

2. tl1~Li1lu fll"i 1'll'ui1t1tl".i~l'Ylff1 n mm~ 

11 IHl ti cl'tJ 1 ti fll'J ~L ~fl \il fl il fl 1 ti 
v 

<Ulfl1 

1. 1ua11-l''\imlJ'lm ili1't11~mrum111 
~ " 

ilm11i'm~ilri1ut11~flfl1J PPA t11~u1rut'J 
<I~ 6,000 Gi'1t1 dose (LUlil) ilri1u11d'l~1i' 
LU um<1lilA11ui1u 1ut11~rnl'll'Yl11 

tl1~mrum11iii'11'li l'il ~ii m11 'll'm ~ii ri1u 

t11~flfl1J PPA lJ<1~11m11Yru<i'1uLillil ilm1 

1 'Ii mfl'1 ti '1fl MUI~ L lJ 'W tJ1<IlilA11Uel11J1.J fl 11 

lJlfl LW"il~ri1t1Lllaj'il~i1Blil"ilri'Jt1 PPA 
' ""' • d ' ..., 

fl!JLW11~ 12.5-25 Ufl. \ili'lLlJlil "i1Ufl1Jtll 
" 
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Ufl. fl'il~ 1iii'-l'ur.Jm1'111'1Jfl~111vi'1u5a\il1ilu 

mfl 1'11111~1~mfl tl1mLM'~mfl lii&u ~'l 

~1'li'm'il~ hJmm101'll'm'llt11lil\j~d'11mu '1 

A~~ 1iii' ri1um1-l'u~Lllt1m<ililm1ua1t111ilt1 
lil"i~ 11wn111'Y!unu1i&1m'llillilil' 

• d 
2. 'il1flfl1"lafl1Jll1Ur.J L'6111'61ill'Yl1'l 

" " 

fl1~1fl111J1~uut11~mn LL<i~ 11'<111 fl11u 

1~uut11~m'Yl 1 ut11~L 'VIA 1 'Y!u 'il1u1ufl11llu 
' -'51<V 111,J 

'1111.J LL<! ~'ill fl fll "i tJ 'W 11 IJ'IJ il'l i;J L '61!1'61 tu 
" " 

1~iilum 11 fl am fl w1 LL'1~11'6'l'Ylm '111 "1 1 u 

fli1t11~'llum'l'l'll1m111<1111111~ il'l hiil • 
1111·:nt1 i;J' tl111n11~ t~ fl lil fl fl fl 1 uamM~il 

" 
11'1fl,lll'WU'l~i1'li1'il~Liilil'illflfll"i 1i'm PPA 

L<ltJ 

U<I ~ cl'tt 'Viti ilt11Utl fll"i i-1nM1'Yl1~LLw'YI11 -
" 

" ..... ,,. 0 q 

Alil\il"i lL<l~Lilil'llAla\il"l 'il1tl11JlJ1fl lJ 

A11 m ilu ilfl lil A<i' fl'l ilu11 m1'11tl~ fl U<i . " 
LvjflfillLU'Wfll"iLWflflfl!Jtll PPA tllwn1 

'11tl~1iiun11i flU<i~il flti'il'l11 u1111~Twm1 . " " 
1~11~ei'1~1i~ (~'lilifl~a1tlliii'Lw11-:ii1 nriu • • 
a\il1~1'll'm~i1 PPA LUt1t11<11ilA11uei'1uLvi1 

if u ~ii a 1i111 L~tJ1 L ~ uiu flUl'l ilu 11 '11 At)J 

'Yll'l'11iill 1LliinhJmm101'll'iau<1d'1ialil-:i'i1 
" 

f"I "" ,.,. pp A L uum L'l1\il'IJfl'lfll"iLfllilil11~L<lfllililflfl • 
1 u au fl'l 1iii') LL <1~m1tl 1mli'lA'u1'llllil11 

A"ifllJ A <1:wm11i''Yl fl fl ti111 ui1' tl111'Y!n mi u 
~ ~ 'IJ q ~ 

1'11 hi'i'.1 iJ'L~fllilf fl!J'il1'W1'Wlld'l ( L'li!J iJ'th11 
" " 

L~n~'il1Llluvi'fl'l1i'm<ilil mm1Alil'ill;Jfl) 

2. i;J'LrnuamA:J.J"1 LL<1~amtium1 
" 
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m LL<i~il tyMl~ en'il lfl VJ~'W'illfl rn11im 

PPA flru~m1milrn1m'l<11011rua'lJ 1iill-
' ' 

d 1·· 'ill fl fll"j'YJ fl'l~'Yl'l1~'1151'lUlil'V VJ lJ 
' 

th~rnm Wfl [)CJu!ii1fum~i1 phenylpropa-

nolamine l Uuri1m.h~fli'lU 1thfl1ltl<i1utl~ 
LL<i'1if u L~D~il'i1~mLrn~~1 tllwam ttVJil:JJ 

' 

Phenylpropanolamine l limn 1 u 

fltj:JJ sympathomimetic lVJEJi'li'lfHJ'Ylll 

m~~'W alpha, - adrenoceptor l lluri1u 1 mil 
·1v di ""' v m MVl<l1lVJL<li'lVJVIVJ"11 ll<l~m~liJ'W beta1-

adrenoceptor Yi11 rl'i111'ilL!ii'UL11 U Cl fl'ill fl 

if u!T'J i1 (}'Ylllm'I;;) i'llJYll hi'llm1V1k'I nor­

adrenaline 'illfltlmutl1~m'Yl sympathetic 

iK1u 1 ut11~L 'Ylfl 1'Ylu1'1i'L liuri1ut11~fli'lU 1 u 

fll ll r) Vil VJ 1 'W'n Cl'! 01 '11 VJ L vl Cl ll r) A VJ 'ii lJ fl 
" 

(decongestant) l W'll~lJ(}'Ylll~Yi11 rl'tt<li'lVJ 

Ll;ji'lVJVIVJtll1 Yi11 rl' fl11lJM'Wl'lJ i'l'llfil flU'illJfl 
' " 

.J ""' """"01• <lVJ<l~ ll<l~fll'l'YIM<lflVJ L<l flVJVIVJ"11fl'J'Yl1 VI 

m1J1~m.hufl flflm fltju flflM<lflVJ Ll;iflVJ 1!ii' 

Wflfl<i~iii'1v ~~Yi11rl'V11vi'lVJ'illJfl 'll'WlVJ~ 
" 

h'1urn1fmflAfl 25 :JJfl. 1u<i~ 3 wf'I 

Uflfl'illfl'll flU~ 1iil'1ut11~L 'Ylfl1'Ylmtl.h 1 u 

iil1~tl 1~ L 'Yl fl!T~ 1it il uv1<iVJ fl11:JJ81u 1 u 

P any a Khunawat 

!iii~ 'l LvJmllwuCJ1rl' flV. W'il11ru1tl{u 

t11~ LlflL'lJfll"jfii1t ilum11uL~i'l~il'!ilCJ1 ti 
' 

>fl. ¥J.fl. VJ'l. uww., flm~n<im 

'Wl v fl am fl lJ Lil a"11'l'YJ 1J1 ll 'Ii~ tl'ln 'YI fl 1 'Yl v 

nu amphetamine ~~i1q'Ylll<lVJfl11lJflfllfl 
fllVil"j 

Phenylpropanolamine ill'lmllv!ilCJ 

il:JJCJ~Ui'lVflll ephedrine lLWill'lmllvliifl 

"l~U U 1 VI <l l l V 'W L l;i fl VJ ll <l ~ '1111'\I lJl fl fll 1 

pseudoephedrine Nmllvl.111'1ty~fi1'1~ l U'W~ 
flri11v1runuflci Ai'lfll"l 1'1l'm 1 u'll'W1VJil~fl11 

u " " 

'll'WlVJfflm Ai'l!Jlflfl'Jl 7 5 :JJfl.11u Vl~fl 1 rl' 

"i1:JJrlU caffeine fll'ilYl11ttml:JJ~'Wll;iflVJil~ 
" 

1~ CJ ci1'! L5vu ¥J '1mll.l~lflVJil11~ll 'Yl"lfl'li'CJu 

d ~- I 9 
'ill fl fll"l'YJ fl11lJVJ'W ll.l fl VJ il~"11 lJlJ1 Nl.ll1;1V 

" 
~iuil'wu 1iKti flVflll~lflVJ'illfl phenyl -

ephrine Vl~i'l pseudoephedrine 
2 

'illmlv 

~1'W~"l1U"l1lJWU1V 98 "llV ,t'lll!iitl fl.fl. " . 

196 5- 19 8 9 1 u'YJ1tl m:JJ:immi'lfl ~'IL fl VJ 

" . ~-N<llr!V'illfl phenylpropanolamme WUf:!'YllJ 

" ~ . . " Nl.ll1;1VL<lfl'Wi'lV 16 'ilV ll<l~lJN<llr!V'i'Wll'i~ 
' 

82 11u 1u 82 11vil'i1Ll;iflVJflflfl1ua:JJfl'I 

24 "llV lVJv 9 "lll'llflVJ'illflm1u'llmVJffl1'11 

(011v 1 "llV) Bfl 15 "llvtflVJ'illflm1u 

'lJU1VJ\j'lfl'll'lJ'W1VJffl1'11 ( lillEI 5 'ilEI) ~'I 

if u m11imil'1 u'll'W1 VJ~ ii'! flll'll'Wl VJf fl 1'11 
" 

~'I i15 u W"ll El flll m11 'll'1 uvu1 VJf fl1'11 lJ1 fl 
I ..... ..,...,, "d ~I d 

llO!Vll.l~'illflfll'iO!WJ.JWllJBu fl.A. 1990 fl 

1:JJ' ti 'il fl !)l 1i1Iii1~'I1~.r U 1 i phenyl­

propanolamine llliiBcil'J 1VJ 
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~ ~I 
Phenylpropanolamine fl<IUlJlL u'IJ 

I ""' z .d Al ~IJ 'V 3 .d ""' 
'll11flfl Ai~ LlJ flu<lll'JuYJLLffl LlJ fl:l.Jill'Ml'IJ 

\llflf111Afl1'11LLUU case control study VIU 

111'11dl'.lil(i}ilL~l'I~ (odds ratio) 'lleNflli 

LO(IJ hemorrhagic stroke Lvi1ii'u 16.58 

(95%, CI 1.51-182.1) 1m1(1}~~1?J1'.11iJ' 
<l\i1A113.Jel1'1J LL<l~Lvi1i\'u 3.13 (95%, CI 

0.86-11.46) 1'1Ji:l(IJ~~1?Jl'JliJ'LU'IJA{~LLifl 
LrimL011l\il L\ill'I 1iJwuA11m~l'M\;)flflliLO\il 
hemorrhagic stroke 1u'll11'1 m~n11~m-

51iru <I'll~~ u l'i 1~~1 M'u~,;'n~ i;.i i\(IJ l'll~'IJ • 
""' .:J..:o1 ~I ' 

fl~LUU'IJYJ:i.J phenylpropanolamine Lu'IJ'11'1J 

tl1~flflU 1 ULLfll'llL tlum1~u 1ttW~\lmu1 u 

180 1u11a~tl1~m01 u11'llii'il'il1mufl1'11 
' 
~~ 1 u 

~ """' J""' . 
Lfl\il'illflfl11111L'1ilJfl:i.J ephedra alkaloids 

LU'!Ji:b'IJUi~flflU ~~lj ephedrine LU'IJi:lli 

il11'lqi L\ill'li1Ui13.J'illflil!'Nl'IJ~<i~ 1 tlir~ 
< ~ 5 

fl~ A fllifl11111LL<l~l'll'll fl~'1111_:f1 LL<!~<!~ 

&iil:i.iw1u111m1ulrrn&iu1ii'u ~~wum1 
• 

LO\il stroke 10 'lll'l'illflill'l~l'IJll~113.J\il 87 
• 

111'1 l'i'~LL\;l l iJtl'IJll'l'IJ 1997 G~ 31 
' 

i:lmAlJ 1999 fl<lu liJl'.lm.bm1um~-,1'll 

fll'j 1A'll<M 1 fll'l L MA113.Ji:l'IJ 1'il 

I. Lake CR, Gallant S, Masson E, Miller P. 
Adverse drug effects attributed to phenyl­
propanolamine : a review of 142 case 
reports. Am J Med 1990; 89: 195-208. 

2, Chua SS, Benrimoj SI. Non-prescription 
sympathomimetic agents and hyper-
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~~ L 11~1if LW\il~G~A11lJa1lJ1iflfll~ 
~l'IJ~fl:i.J<1~11m1'llfl~m~11'llrn11 nu hll'.l 

" 
'II fllJ<l LA 1 tJEluiru11~m1'fl<i'1~'11 fllJ<l'll fl~fl~li' 

" " 
rn1m1111LL<1~ma11f;r1 ~~i:ll'i1~~ L ttLU'IJ 

1 tl (i}llJ m1\K \ii au l'ii'll fl~ fl~ Ii' m1d1 tl eith~ 
11'1Jfl'IJ'1fl'IJ~ll'I t!f'IJ L&il'J1tl'IJtlUf:JU1<11 fll'I 

J, .JA1.<:>,.QJ_Q. w 
'lj\ilflNl'IJlJl YJu{jU(IJ(IJl:i.JU~flli'll fl~ L'ill'IJll'J 

miifltt1 IMF fll'i1~wuflufom tl110'il1fl 

' d ~. '1 ~ . I flli(i}fl'jfl~LWflfl5u AU'llfl~'lllA 'il'IJu'j~Lfli'l 

1 9./!0J fl1<!1.f QJ 

fll'J(i}fl~l'lfll'Jl'IU AflL u'IJL:i.Jfl~'ll'IJ'llfl~'1111:J'1 

1 um~ Li'J'j'jj\iO'il fl ti AilU'il'IJL vi1flfll'1Jd .if~ 
~ " ' 

~LL li' 'ii~~ LL<i' 1L11A1.,Afl1'11'11fl3.J <I'll fl~ L 'jl LB~ 
" 

' d "' • 1. ' ' L fllflW fl'il~<tUA 'IJ \ii ~fl fl'IJ11 phenyl-
""' ~ 1 J'nj.l,. <V propanolamine 3.J N <IL<tl'I fl l'll~fl ..,.,~ 111 LL\il~ 

'ill fl Yale 1~11U~l'IJ 1111~fl liJ 

fl 1 'j LU 'IJ fl 1 '1fl1 ~ L i'J 'j 1'I :J fl \l 'II fl~ 
,,.. ~ w~.d.,... ..,J 

'111.,:J"l 'IJ'IJ LL:i.J'il~ LU'IJL 'jfl~11'1Jfl11'1Jla111'1Yl 

11 u n~ l'.l u L ti u L 'i!YJ ti' :i.i li m ~f ;i u1<i1 mJ 'il ~ 
vlfl~L~llJlLLfll'll LL\;lifo liJ{1mL .,~ L vi1ii'ufll'j 

~I -~ ~ d ·~ L uumam~utytyl Lrn~m'1A11:i.JA\ilfll(llJ 

a1u1'i11 urn-,IKAau l'ii'llfl~ L -,1fi1a~flfl'ilfl~'il1 

-~ ~ < 
Ni'l. 'IJW. Uqjl\jl fl!ll1@J'IJ 

m A'i'lll Ltni"ll'in m 

A ru~ LL Wfll'I i'11'1A1 fl~'jl'lfW I'll Ul<I 

:i.i111'inu1<ll'l:i.i~A<1 fln:i.i. 20100 

" 

tension. Med Toxicol Adverse Drug Exp 
1988;3:387-417. 

3. Kernan WN, Visco Ii CM, Brass LM, et al. 
Phenylpropanolamine and the risk of 
hemorrhagic stroke. New Engl J Med 
2000;345: 1826-32. 
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4. .See the trade names these preparations at 
http:llwww.fda.moph.go.th 

5. Haller CA, Benowitz NL. Adverse 
cardiovascular and central nervous system 

EFFECTIVENESS OF IMIQUIMOD FOR 
RECURRENT GENITAL WARTS 

To the editor, 

Imiquimod 1-
3 is a new pharma­

ceutical product presented to the physician. 
Imiquimod, an imidazoquinoline amine, is a 
new immune response modifier agent recently 
approved for the topical treatment of external 
genital and perianal warts. The dosage form of 
this drug is the white cream, known as Aldara. 
The chemical name of imiquimod is 1-(2-
methylpropyl)-IH-imidazol [4,5-c] quinolin-
4-amine, with the molecular formula, 
C14H16N4 • The molecular weight of this 
substance is about 240.3. 

Generally it is prepared as a white to 
slightly yellow cream, packed in a single use 
foil sachet. Each sachet contains 250 mg of 
cream, which is enough to cover a wart area of 
20 cm2

. Routinely, 250 mg cream contains 
12.5 mg of active ingredient, providing 5 % 
imiquimod cream. 

The major indication of imiquimod is 
for external genital, perianal warts and 
condyloma accuminata 1-

3
• It is used to treat 

the warts on surface of the penis or vulva 
and around the anus. 

No absolute contraindication is 
mentioned. In this communication, the author 

Viral Wiwantkit 

events associated with dietary supple­
ments containing ephedra alkaloids. New 
Eng/J Med 2000;343: 183~-8. 

presents the experience in using this new drug 
in five immunocompetent cases of Thai 
patients with recurrent genital warts who failed 
from standard therapeutic regimen. All 
subjects were explained for how to use this 
new drug according to the manufacturer's 
instruction. The result from treatment was 
shown in Table I. 

It revealed that only 60 % of all cases 
got success from treatment. In these cases, 
recurrent could also be detected. The 
dermatological side effect at the lesion was the 
most common side effect of the imiquimod. 
Local erythema was the most common adverse 
reaction, but the majority of patients developed 
no side effect or only mild local inflammatory 
reactions. Severe skin reaction could not be 
observed in this series case of overdose. While 
myalgia and fever described as flu-like 
syndrome could also be observed. This 
systemic reaction is believed to be due to 
immunomodification action of the active 
ingredient. However, a larger prospective 
systematic study should be performed. 

Viroj Wiwanitkit, MD. Department 
of Laboratory Medicine, Faculty of 
Medicine, Chulalongkorn University. 

Table 1. Five cases received imiquimod therapy for recurrent genital warts. 

Clearing of Recurrent at 1 month 
No. Sex Age Sexual lesion after start follow up after 

behavior regimen (week) clearing lesion 
1 male 47 heterosexual 12 No 
2 male 38 heterosexual 12 No 
3 male 45 heterosexual 16 No 
4 male 46 heterosexual No* NIA** 

Side effect 
detected 

Skin redness 
Skin redness 

Flu-like 
No 

5 male 37 heterosexual No* NIA** No 
* means no clearing of lesion within the longest recommended duration of usage (16 weeks). 
**no clearing 
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ICH 

ICH GCP 

IEC 

= International Conference on Harmonization of Technical Requirements 

for the Registration of Pharmaceuticals for Human Use 

9 b tJ 'W'iM rl m~ M:; t::'\1~ 1'tii:; b 'VI l'l~i~ l-J rl'WoW OO-l'W1l-J 1 lll f J1'Wbb'll ::-if 'ii rl1 '11'Wl'1 

lii1'1 b~mnumi';J9tJ1'Wl'l'W 
= ICH Good Clinical Practice n1ttl511Mmi';J9tJ'Vl1'1'l~Ul'I~~ 

• btiu:i.11mJ1u'll1n'll~ ICH n111ul'11uiii1u"l1tJnttmb'll::ilhu';J'Jl1mi ~111l"u 

mn'll'W'ilbl'lt,mi';J9tJ1'Wl'l'W ";Jfimi';J9tJ min1nrn:Jbb'll mtlllt~"l'll'ilu mi 

uuVi nm i';J bl'lt1 ::tfo'll :;i1 tJ'1um i';J<fovn' l'l ~iln ~' 1iXmil"utli:;nu~1 i:-J 'll~ 
' . 

i1tJ,1utiniif'il, 't.l1b~'il~'il bb'1l::l"utli::nu~1 a'Vlfi uiru111'W i~l-JVi'l'l~1i.Ji:lu • • 

• 
( ~ 1 il M1 'Wl'l ru:; n ni.J m im 111m'll :;m 1iii bbti'll b 'ii n '111 tubli'W 'il uu111 tt1 L 'VltJ bbl1' ~) 

= Independent Ethics Committee 

• '11l-J1tJ ~' l'lru::nttl-Jn1t~M::'ll'il' bblii'll::m.i~tJ,1'W (l'l~ntlu~:;!Kui.J111';J'VlmliltJ 

111'ilt::!Kunw~u1tl) b~'ilYi"l1tru1 l'l~1m11m::'lli.J'll'il' Ll'lt,mt';J9tJ1 'Wl'l'W ~' 
1 uiii1u';J'Jl1 mm'll::iii1u"l1tJfit~l-J b~'il'llt1' l'l~1i.Ji!utc.i~1~'Vlfi m1i.Jti'll'ill'1.rfo 

bb'll ::l'l ~ 1 i.J b tlu 'ii!.l ~ ~'ll'il' 'il1'll1'll:irl'l~~boif1i~ i.J 1 um ~";J<i'tJ"I::; 1iii¥u m tilii.J l'l t'il' . " 

' . 
• IEC l'l~~tlt::n'iluiii~tJmti.Jn1tL:iJu'iltJn~1 5 l'l'W ~'mt~Vl,bb'W'VIU ii'n';J'Vlm-

f"l1'1llllf bb'll::lJl'll'l'll~'W~L:iJ1·fa"W'VIU'l11'ilii'n';J'Vlml'l1'1llllf b'liuilnnff>1l-.11tl bb'll:: 

iif'il,~'iiiJ1,u'iltJ 1 l'l'W ~1:iJ1'li1.JA'll1m111tJ1u'llmuutTu1 
• 

• IEC l'l~tVl"l1tru1Vf,J11u1'1~1m11m:;'lli.J'll'il'Lm'mt';J9tJ l'l~1m11i.J1::'1li.J'll'il' 

. ' 
Yi' b 'ii n 'll 1~Vi"I:;1-ii'll'ill'l~1i.J rlutJ'ili.J bb'll :;uuVi n l'l~ 1i.J rlutJ'ili.J"l 1n m 'll 1 'll :ir l'l t 
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RESEARCH ARTICLES 

NO EVIDENCE FOR THE ACTIONS OF 'CLONIDINE-DISPLACING 
SUBSTANCE' ON ALPHA2-ADRENOCEPTORS 

Darawan Pinthong 

Department of Pharmacology, Faculty of Science, Mahidol University, Bangkok !0400, Thailand. 

ABSTRACT 

It has been suggested that 'clonidine-displacing substance' (CDS) is a putative endogenous 
substance at imidazoline receptor. CDS was found to recognize not only the imidazoline binding sites 
but also a,-adrenoceptors. However, the information of the functional activities of CDS at the a,­
adrenoceptor is still limited. The aim of this study was to examine the properties and functions of 
CDS, in particular, the actions at a,-adrenoceptors. In the present study, the methanolic CDS extracts 
were prepared from bovine brain. CDS activity was determined by the amount of the extract that 
displaced 50% of ['H]-clonidine binding to bovine cerebral cortex membranes. CDS activity from 
bovine brain methanolic extract was 4.8±0.5 units/g wet weight. Based on radioligand binding assays, 
this extract recognized both a,-adrenoceptors on bovine cerebral cortex membranes labeled by [3H]­
clonidine and non-adrenoceptor imidazoline binding sites on porcine renal cortex membranes labeled 
by [3H]-idazoxan. The CDS extract was found to be slightly more potent (2 folds) at a,-adrenoceptors 
than at non-adrenoceptor imidazoline binding sites. Functional studies of CDS were examined in the 
models of a,-adrenoceptor-mediated inhibition of forskolin-stimulated cAMP accumulation in guinea­
pig cerebral cortex slices and in porcine isolated palmar lateral vein. The effects were compared to 
those of the known a,-adrenoceptor agonists, UK14304 and antagonized by the a,-adrenoceptor 
antagonist, idazoxan. The results from this study showed that bovine brain methanolic CDS extract did 
not display any activity involving a,-adrenoceptors as predicted from radioligand binding. In 
conclusion, CDS is able to displace clonidine from a,-adrenoceptors but no related biological activity 
was detected at this sites. Whether the possibility that CDS is an endogenous ligand at a,­
adrenoceptors and at non-adrenoceptor imidazoline binding sites and possesses any significant 
activities at these sites remain to be clarified. 

Key words : clonidine-displacing substance (CDS), alpha2-adrenoceptor, imidazoline receptor 
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INTRODUCTION 

"Clonidine-displacing substance" 
(CDS) was first isolated from rat and calf 
brains by Atlas and Burstein'·' and it was 
suggested to be a candidate for an endogenous 
ligand at non-adrenoceptor imidazoline 
binding site (imidazoline receptor). A 
partially-purified extract of the brain was 
found to displace specifically bound [3H]­
clonidine from binding sites on rat brain or 
bovine cerebral cortex membranes, which were 
catecholamine-sensitive, a2-adrenoceptor 
binding sites, and hence the active agent was 
called clonidine-displacing substance'. CDS 
has been shown to interact with non­
adrenoceptor imidazoline binding sites in 
several tissues such as brain which are <lefined 
by [3H]-para-aminoclonidine3

, and in rabbit 
kidney labelled by [3H]-idazoxan4

. CDS has 
been detected in several tissues such as brain5

, 

kidney', adrenal chromaffin cells7
•
8

, liver' and 
lungrn However, the chemical structure of the 
active substance remains to be elucidated. 

Although CDS has been shown to 
have an affinity for both a 2-adrenoceptors and 
imidazoline binding sites, its biological 
act1v1ties remain unclear. At a:2-
adrenoceptors, CDS extract was reported to 
inhibit electrically-stimulated twitch responses 
in rat vas deferens and the inhibitory effect 
was partially reversed by the a,-adrenoceptor 
antagonist, yohimbine11

• Another evidence of 
CDS action at a,-adrenoceptors was inhibitory 
adrenaline-induced aggregation but 
potentiating ADP-induced aggregation of 
human platelets, like clonidine 12

. However, 
there has been no other evidence support the 
action of CDS at a,-adrenoceptors since then, 

For CDS action at imidazoline 
binding sites, CDS was found to contract rat 
gastric fundus strips, the site that was non­
catecholamine, since this effect of CDS was 
not blocked by a,-adrenoceptor antagonists". 
Brain-derived CDS extract has been reported 
to modulate arterial blood pressure through the 
non-catecholamine site when injected directly 
into the ventrolateral medulla14

•
15

. However, 
the results examined by these 2 groups showed 
opposite effects, the former lowered blood 
pressure whereas the latter caused elevated 
blood pressure. Another CDS action was the 
induction of substantial release of 
catecholamines from cultured chromaffin 
cells'-'. Whether CDS can be a putative 
endogenous substance that acts at both sites, 
the exact biological action of CDS remains to 
be investigated. 
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The aims of this study are to examine 
whether the bovine brain extracts possess any 
agonist activities at functional a 2-

adrenoceptors, corresponding to their binding 
properties. In this study, the binding 
characteristics of crude methanolic CDS 
extracts and functional activities at a 2-

adrenoceptors were examined. Two a 2-

adrenoceptors models were used, i.e. central a 
2-adrenoceptors on guinea-pig co1tex slices 
which mediate inhibition of forskolin­
stimulated cyclic AMP 16 and a,-adrenoceptors 
on porcine palmar lateral veins, the activation 
of which results in inhibition of forskolin­
stimulated cyclic AMP"-

MATERIALS AND METHODS 

Chemicals, drugs and solutions 

(-)-Noradrenaline bitartrate, 
forskolin, Dowex-50, alumina, Tris-HCl, 
EDTA, idazoxan (2-(2(1,4-benzodioxanyl))2-
imidazoline hydrochloride) and salts in Krebs­
Henseleit buffer (NaCl, KCl, CaC12, NaHC03, 

MgS04, KH2P04 and glucose) were purchased 
from Sigma Chemical Company. Other 
chemical used included cirazoline (S.M. 
Chemical Company), UK14304 (5-bromo-6-
(2-i mi dazo lin-2 -y lam in o ]-q u in o xal ine 
bitartrate, Pfizer), rolipram (Schering) and 
HPLC grade methanol (Fisons). 

[
3H]-clonidine hydrochloride (specific 

activity of 30 Ci/mmol), (3H]-idazoxan ([3H]­
RX781094, specific activity 43 Ci/mmol), 
(
3H]-adenine (specific activity 851 GBq/rnmol) 

and [14C]-cAMP (specific activity 1.6 
GBqlmmol) were from Amersham. 
Scintillation cocktails (Emulsifier Scintillator 
299, Packard) were also included. 

All drugs were dissolved in distilled 
water and added in volumes less than l % of 
the K-H solution for cAMP assays except 
forskolin and rolipram which were dissolved in 
absolute alcohol in volumes less than 3% of 
assay volume and then diluted with 
Krebs'solution. 

Preparation of clonidine-displacing 
substance (CDS) from bovine brain 

Bovine brain was obtained from a 
local abattoir immediately after slaugther of 
the animal. The brain was kept on ice during 
transportation. Half a bovine brain (110-160 g 
wet weight) was taken and the cerebellum and 
all pia mater removed prior to chopping into 
small pieces. Tissues were homogenized in an 
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OMNI-GEN sealed homogenizer (setting 4.5 
for 3x3 min) with 5 volumes (w/v) of distilled 
water. The resulting homogenate was 
centrifuged at 65,000g for 30 min at 4°C (MSE 
Superspeed 65). The supernatant was then 
removed, boiled for approximately 40-60 min 
to precipitate soluble protein and to reduce the 
volume and then allowed to cool to room 
temperature. The resulting solution was 
recentrifuged at 65,000g at 4°C for 20 min. 
The supernatant was removed from pellets, 
frozen at -20"C and then freeze-dried. The 
freeze-dried material was used for further 
extraction. The lyophilysed material was 
exa·acted by sonication with 2x20 volume 
(w/v) of highly purified methanol (HPLC 
grade) at room temperature for 30 min. The 
methanolic extracts were combined and 
centrifuged at 3,000 rpm for 5 min (MSE 
Mistral 3000) to remove any particulate matter 
and evaporated to dryness in a rotary 
evaporator at low pressure. The residual 
material was dissolved in 10 volumes (w/v) of 
doubled distilled water, frozen and lyophilysed 
again to remove all trace of organic solvent. 
The final lyophilysates were redissolved in 10 
volumes (w/v) doubled distilled water (3 ml) 
and kept at -20°C until required for use. 

Membrane preparation 

Bovine cerebral cortex membrane 
preparation18 

Calf brains were obtained from local 
abattoir immediately after slaughter of the 
animals. The cerebral cortices were 
homogenized in 20 volumes of ice-cold Tris 
buffer (50 mM Tris HCI; pH 7.7 at 25° C) 
using an OMNI-GEN sealed macro­
homogenizer (Model N017506, Camlab Ltd.) 
(setting 5;120 sec) to minimize potential risk 
associated with aerosol formation. The 
homogenate was then centrifuged at 20,000 
rpm (40,000g) for 10 min at 4° C (MSE 
Europa 24M). The supernatant was discarded 
and the pellet was resuspended in 20 volumes 
(w/v) of ice-cold Tris buffer and recentrifuged 
for a further 15 min and the supernatant 
discarded. The remaining pellets were 
weighed and resuspended in 6 volumes of ice­
cold 50 mM Tris buffer, pH 7.4, and then 
aliquoted for either direct use in binding assay 
or stored at -20° C. 
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Porcine kidney cortex membrane preparation 

This membrane preparation for the 
non-adrenoceptor imidazoline binding sites 
was based on the method originally described 
by Vigne et al. 19 The porcine kidney was 
obtained from local abattoir soon after 
slaughter of the animal and kept on ice prior to 
the dissection of the cortex. Working on ice, 
the kidney was cut in half and the outer 
me1nbranes surrounding the kidney was 
stripped off and the cortex separated from the 
medulla. The cortex was cut into small pieces 
and homogenized in 24 volumes of ice-cold 
Tris buffer (50 mM Tris HCL, 5.0 mM EDTA; 
pH 7.4) using a Polytron PT (setting 6; 3x30 
sec). The homogenate was then poured 
through a 25 µM nylon mesh to remove large 
particulate matter. The homogenate was 
centrifuged (MSE Europa 24 M) at 20,000 g 
for 15 min at 4"C. The supernatant was 
discarded and the pellet resuspended in ice­
cold Tris buffer (50 mM Tris HCL, 0.5 mM 
EDTA; pH 7.4) and recentrifuged for further 3 
min. The final pellets were resuspended in 10 
volumes of Tris assay buffer (50 mM Tris 
HCI; pH 7.4) and stored at -20°C. 

Activity of bovine brain CDS extracts 

The CDS activity of the methanolic 
extracts from bovine brain was evaluated by 
the ability of the extracts to displace 1 nM 
[
3H]-clonidine binding from o:,-adrenoceptor 

sites on bovine cerebral cortex membranes. 
The assay volume of0.5 ml, containing 100 µI 
bovine cerebral cortex membrane (200-300 µg 
protein) in 50 mM Tris-HCI buffer (pH 7.4), 
was incubated with 1 nM [3H]-clonidine in the 
presence of increasing concentrations of CDS 
extract. Non-specific binding was determined 
in the presence of I o·'M noradrenaline. After 
an incubation period of 60 min at 25"C, bound 
radioactivity was separated from free by 
vacuum filtration over Whatman GF/B glass 
fiber filters using a Brandel cell harvester, 
followed by 2x3 ml washes with ice-cold assay 
buffer. The filters were then suspended in 4 ml 
of scintillation cocktail and bound ligands 
were determined by scintillation spectrometry. 

One unit of CDS activity is defined as 
the amount of the extract that produced 50% 
inhibition of ['H]-clonidine (1 nM) binding to 
bovine cerebral cortex membranes in a total 
volume of 1 ml assay (assay volume was 
always 0.5 ml). CDS activity was calculated 
in unit/g wet weight of tissues. Number of 
units/g tissue wet weight was calculated from 
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the final redissolved volume with double 
distilled water, the number of lyophilysed 
portions were equally divided and the original 
amount of tissue was used for the extraction. 

CDS extract binding to non adrenoceplor 
binding sites on porcine kidney cortex 
membranes 

Porcine kidney cortex membranes (50 
µl, approximately 200 µg protein) were 
incubated with 1.0 nM [3HJ-idazoxan in the 
presence and absence of increasing 
concentrations of CDS extract, in a final 
volume of 0.5 ml buffer (50 rnM Tris-HCl; pH 
7.4 at 25°C). Non-specific binding was 
determined in the presence of 10-4 M cirazoline 
(<15% of total binding). After 1 hr of 
incubation) bound radioactivity was separated 
from free by vacuum filtration over GF/B 
filters, using a Brandel cell harvester. The 
filters were washed with 3x3 ml of ice-cold 
buffer and suspended in scintillation cocktail, 
and the radioactivity was determined by liquid 
scintillation counting. 

Functional activities of CDS extract at 
alphal-adrenoceptors 

The effect of c/onidine-displacing substance 
on forskolin-stimulated cyclic AMP 
accumulation in guinea-pig cerebral cortex 
slices 

Male guinea-pigs (250-300 g) were 
killed by cervical dislocation. The cerebral 
cortices were dissected out on ice and chopped 
into miniprisms (350x350 µm). The slices 
were then dispersed into oxygenated Krebs­
Henseleit buffer (K-H buffer) in a stoppered 
conical flask with several cycles of aspiration 
and re-addition of medium (I guinea-pig 
cortex per 100 ml flask containing 30-40 ml 
medium). The cortex slices were pre­
incubated for 60 min in modified Krebs­
Henseleit buffer in a shaking water bath at 37° 
C. After I hr equilibation, the slices were 
washed with K-H buffer and then were labeled 
with 0.4 µM ['HJ-adenine (37 kBq/ml) for 45 
min. After washing away the unincorporated 
['HJ-adenine with 3 changes of K-H saline, the 
slices were allowed to settle. Aliquots of 
cortex slices (25µ1) were distributed into flat­
bottorn vials containing K-H saline to maintain 
a final volume of 300 µI. Basal level was the 
[
3HJ-cAMP accumulation when incubated the 

slices in the K-H saline for 10 min. The 
forskolin-stimulated effect was the [3HJ-cAMP 

21J 

accumulation when incubated the slices in K-H 
saline for 10 min and then incubated with 10 fl 
M forskolin for I 0 min before termination with 
HCI. The effects of the methanolic extracts 
were compared with that of a 2-adrenoceptor 
agonist, UKl4304. The extract or UK14304 
was added and incubated for I 0 min before 
adding 30 µM forskolin for 10 min. 
Incubation tubes were resealed under an 02 : 
C02 (95% : 5%) atmosphere after each 
addition. In the experiment that examined the 
effect of a 2-adrenoceptor antagonist, idazoxan 
( 1 o·' M) was added I 0 min before the agonist, 
UK14304, or CDS extracts and incubated for 
10 min before the addition of forskolin (30 µ 
M). Incubations were terminated after I 0 min 
by the addition of 200 µl IM HCI containing 
25-30 Bq ["CJ-cAMP. Cold water (750 µI) 
was added and then the slice suspension was 
centrifuged at 2000 g for 5-10 min. 

[
3HJ-cAMP was isolated by 

sequential Dowex50/alumina chromatography 
using ["C]-cAMP as a recovery marker. In 
some experiments the effects of brain 
methanolic CDS extract alone (I 0 min 
incubation) were investigated. Aliquots of the 
supernatant (0.9 ml) were applied to Dowex50 
columns (Bio-Rad, filled with I ml resin). 
Distilled water (2 ml) was added to elute [3HJ 
ATP and ['HJ-ADP to waste. ['HJ-cAMP was 
desorbed from the Dowex resin by applying 4 
ml water which was allowed to drip directly 
onto the alumina columns. [3HJ-cAMP was 
eluted from the alumina columns with 5 ml 0.1 
M imidazole directly into scintillation vials. 
Scintillation cocktail (10 ml) was added to the 
effluent and mixed to form a gel prior to 
counting in a refrigerated liquid scintillation 
counter, using a dual channel [3HJ/[ 14C] 
program. ['HJ-cAMP levels were corrected for 
recovery from the Dowex/alumina 
chromatography and the amount of total [3HJ­
adenine taken up into each individual tissue. 

The effect of c/onidine-displacing substance 
on a,.-adrenoceptor mediated inhibition of 
forskolin-stimulated cyclic-AMP accumula­
tion in porcine isolated pa/mar lateral vein 

The presence of a 2-adrenoceptor­
mediated inhibition of ['HJ-cAMP 
accumulation in the porcine isolated palmar 
lateral vein has previously been demonstrated 
by Wright et al, (1995)"- Porcine fore-trotters 
were obtained from a local abattoir and 
transported on ice to the laboratory. The 
palmar lateral vein was dissected out, placed in 
oxygenated, ice-cold K-H saline containing 
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2% Ficoll, and stored overnight at 4°C. 
Segments of palmar lateral vein were cut into 5 
mm lengths and incubated in modified Krebs­
Henseleit saline for 60 min at 37 °C in a 
shaking water bath. After this period of time 
segments of vessel were incubated with 0.8 µ 
M ['HJ-adenine (75 KBq/ml) again for a 
period of 60 min at 37°C in a shaking water 
bath. After incubation the segments of vessel 
were washed 3 times by resuspension and then 
one segment was transferred into each flat­
bottom plastic incubation vial containing 
Krebs solution to a final assay volume of 300 
µI. Segments were allowed to equilibrate for 
20 min and all experiments were carried out in 
quadruplicate. The cyclic-AMP selective 
phosphodiesterase inhibitor, rolipram(l 0-5M) 
was added to all assay tubes to prevent 
d d . 17 egra at10n of cAMP . The sequence of 
addition of antagonist, agonist or the extracts 
and forskolin were the same as in the 
experiment with guinea-pig cortex slice as 
mentioned above. The a 2-antagonist, idazoxan 
(Io·' M), was added 10 min before the agonist, 
UK! 4304, or CDS extracts and incubated for 
10 min. Finally, forskolin (30 µM) was added 
for I 0 min. Incubation tubes were resealed 
under an O, : C02 (95% :5%) atmosphere after 
each addition. Incubation was stopped by the 
addition of200 µl IM HCI, followed by 750 µI 
distilled water. 

['HJ-cAMP was separated from [3H]­
adenine and other [3HJ-products using 
sequential Dowex/alumina chromatography in 
Dowex 50 columns (Bio-Rad), adjusting for 
variation in recovery by the addition of [14C]­
cAMP (approximately 30 Bq per tube) as 
mentioned above. ['HJ-cAMP and total tritium 
in the tissue was determined using scintillation 
spectrometry. 

Data analysis 

The inhibition of radioligand binding 
by CDS extracts was analysed using a non­
linear least square method using Kaleidagraph 
(Synergy software) on a Mac-Intosh computer. 
In functional assays, the level of forskolin­
stimulated ['H]-cAMP accumulation produced 
by the effect of o:2-adrenoceptor agonist or 
antagonist or the extracts were substracted 
with the basal level of cAMP production. The 
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results were presented as percentages of the 
control forskolin-stimulation above basal level. 

The data shown were mean±standard 
e1rnr of mean (SEM) from at least 4 
experiments. Statistical analysis used was the 
Student's !-test. The difference between mean 
values was considered statistically significant 
ifp<0.05. 

RESULTS 

Binding properties of bovine brain 
melhanolic CDS extracts 

Following aqueous extraction, 
deproteinization, freeze drying and fu1ther 
extraction with methanol, 110-160 g wet 
weight of bovine brain produced a slightly 
yellow material which was dissolved in 12 
volumes of double-distilled water to yield the 
'methanolic CDS extract'. As shown in figure 
I, the brain CDS extract could recognize both 
a2-adrenoceptors and non-adrenoceptor 
imidazoline binding sites. The line with open 
circle showed that the extract caused a 
concentration-dependent displacement of 1 nM 
[
3HJ-clonidine binding to bovine cerebral 

cortex membranes which contained a 2-

adrenoceptor sites20
• At the highest 

concentration examined, the brain extracts 
(100 µI/ml) caused 80.5±2.5 % inhibition 
(n~8) of ['HJ-clonidine binding. The amount 
of CDS extract producing 50% inhibition of I 
nM [3H]-clonidine binding (which was 
equivalent to I unit/ml) was 18.6±1.7 µI/ml 
(n~8). The slope of the displacement curves 
was 1.09±0.08 (n~8). Based on the wet weight 
of the original starting material, the activity of 
CDS from bovine brain was 4.8± 0.5 units/g 
wet weight (n~8 batches). 

The line with closed circle showed 
that the extract produced a concentration­
dependent displacement of ['HJ-idazoxan from 
porcine renal cortex membranes which 
contained the non-adrenoceptor imidazoline 
binding sites 19

• The amount of CDS extract 
producing 50% inhibition of 1.0 nM ['H]­
idazoxan was 33.2±3.4 µI/ml (n~4). This 
result showed that the brain CDS extract was 
approximately 2 folds more potent at o:,­
adrenoceptors than at non-adrenoceptor 
imidazoline binding sites. 
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Figure l The effect of bovine brain methanolic CDS extracts against lnM [3H]-clonidine binding on 
bovine cerebral cortex membranes (OJ and against lnM ['H]-idazoxan binding on porcine 
renal cortex membranes (49). Non-specific binding was determined in the presence of 10·4 

M noradrenaline (10-15% of total binding) for the sites labeled by ['H]-clonidine and in the 
presence of 10·4 M cirazoline (<15% of the total binding) for the sites labeled by [3H]­
idazoxan. The concentration of the extract is expressed in µl/0.5 ml assay volume. The 
figures shown are means ± SEM from 4-8 experiments. Mean IC50 (n=8) of brain extract 
against the site labeled by ['H]-clonidine (n=8) is significantly difference at p<0.05 from 
that of the site labeled by [3H]-idazoxan (n=4) (see also the text). 

Functional activities of CDS extracts at ar 
adrenoceptors 

The effects of aradrenoceptor agonist, 
UK14304, on forskolin-stimulated cyclic 
AMP accumulation 

The basal level of [3H]-cAMP 
accumulation in guinea-pig cerebral cortex 
slices was 1,323 ±196 dpm (n=4). Forskolin 
(30 µM) caused a 3-4 folds increase in [3H]­
cAMP accumulation, while UK14304 (10-7 M) 
did not affect the basal levels (1,425±210 dpm, 
n=4). However, UKl4304 caused a 
concentration-dependent inhibition of 
forskolin-stimulated cAMP accumulation, with 
a pD2 value of 7.49±0.21 (n=4) (Figure 2). 
UK14304 caused complete inhibition of 
forskolin-stimulated ('H]-cAMP accumulation 
to basal levels. The a 2-adrenoceptor 
antagonist, idazoxan (I 0-6 M), had no 
significant effects on either basal or forskolin­
stimulated [3H]-cAMP level (Figure 2, left 
panel) but abolished the inhibitory effect of 
UKl4304 on forskolin-stimulated [3H]-cAMP 
accumu1ation in guinea-pig cortex slices 
(Figure 2, right panel). These experiments 
showed the presence of a2-adrenoceptors on 
guinea-pig cerebral cortex membranes, which 
were negatively linked to cAMP formation. 

The effects of brain methanolic CDS extracts 
on forskolin-stimulated cyclic AMP 
accumulation in guinea-pig cortex slices. 

Brain methanolic CDS extract (0.9 
unit/ml) had no significant effect on basal 
[
3H]-cAMP accumulation (1,485±220 dpm for 

basal and 1,375±385 dpm for the extract). All 
the concentrations of brain methanolic extracts 
examined (0.009-5.3 units/ml) produced no 
significant change (at p<0.05, n=4) in 
forskolin-stimulated [3H]-cAMP accumulation. 
(Figure 3, right panel). The figure appeared to 
show a biphasic effect but these changes were 
not significantly different from the control 
forskolin response. ldazoxan (1 O" M) had no 
significant effects on either basal (1,442±320 
dpm) or forskolin-stimulated [3H]-cAMP 
levels (99±4% of control response). In the 
presence of 10-6 M idazoxan, brain methanolic 
CDS extract had no significant effect on 
forskolin-stimulated [3H]-cAMP accumulation. 
Surprisingly, at a higher concentration (5.3 
units/ml), in the presence of idazoxan, the 
extract significantly inhibited forskolin­
stimulated ('H]-cAMP accumulation to 30% of 
forskolin-stimulation. 
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Figure 2 The effect of UK14304 on forskolin-stimulated ['H]-cAMP accumulation in guinea-pig 
cerebral cortex slices. The left panel (bar) shows the effect of 30 µM forskolin (Forsk) and 
the effect of 10·' M idazoxan (!DZ) on forskoin-stimulated ['H]-cAMP accumulation above 
basal level. The right panel represents the effect of UK14304 (0) and UK14304 in the 
presence of 10-6 M idazoxan (~)on 30 µM forskolin-stimulated ['H]-cAMP accumulation 
in guinea-pig cerebral cortex slices. The level of ['H]-cAMP is shown as percentage of the 
30 µM forskolin response (above basal level). Each experiment was carried out in 
quadruplicate. The values shown are means ± SEM from 4 experiments. 
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Figure 3. The effect of brain methanolic CDS extracts on forskolin-stimulated [3H]-cAMP 
accumulation in guinea-pig cerebral cortex slices. The left panel (bar) shows the effect of 
30 µM forskolin-stimulated ['H]-cAMP accumulation above basal level which represents 
100%. The right panel represents the effects of extract (0) and the extract in the presence 
of 10·' M idazoxan (CD) on 30 µM forskolin-stimulated [3H]-cAMP accumulation in 
guinea-pig cerebral cortex slices. The level of [3H]-cAMP is shown as percentage of the 
30 µM forskolin response. Each experiment was carried out in quadruplicate. The values 
shown are means± SEM from 4 observations. 
*represents statistical difference from the effect offorskolin- stimulation at p<0.05. 
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The effects of UK14304 and brain melhanolic 
CDS extracts on forskolin-stimulated cyclic 
AMP accumulation in porcine pa/mar lateral 
veins. 

UK14304 (lo·' M) had no effect on 
the basal [3H]-cAMP level but inhibited 
forskolin-stimulated [3H]-cAMP accumulation 
in porcine palmar lateral veins to 45±8 o/o 
(n~4) of the forskolin response (Figure 4). 
The inhibitory effect was reduced by 1 o·' M 
idazoxan to 78±9 % (n~4). of the forskolin 
response. 
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Brain methanolic CDS extract (0.9 
unit/ml) had no effect on the basal [3H]-cAMP 
accumulation (1,008±336 dpm for basal and 
840±168 dpm for the response of the extract, 
n~4). Forskolin (30 µM) produced an 
(19,280±2,400 dpm) approximate 20 folds 
increase in [3H]-cAMP accumulation. Figure 5 
shows that the extract, over the concentration 
range of 0.009-5.3 units/ml, does not produce 
any effect on forskolin-stimulated ['H]-cAMP 
accumulation, either in the presence or absence 
of idazoxan (1 o·' M). 

Forsk Forsk Forak 
+ + + 

UKJ4304 IDZ UKl43{)4 
I0.7M 10"6M + 

IDZ 

Figure 4, The effect ofUKl4304 (10·7 M) in the presence and absence of 10'6 M idazoxan (!DZ) on 
30 µM forskolin (Forsk)-stimulated [3H]-cAMP accumulation in porcine palmar lateral 
vein. The level of [3H]-cAMP is shown as percentage of the 30 µM forskolin response. 
Each experiment was carried out in quadruplicate. The values shown are means±SEM from 
4 experiments. 
*represents statistical difference from the effect offorskolin-stimulation at p<0.05. 
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Figure 5. The effect of brain methanolic CDS extract on forskolin-stimulated ['H]-cAMP 
accumulation in porcine palmar lateral vein. The left panel (bar) shows the effect of 30 µ 
M forskolin-stimulated [3H]-cAMP accumulation above basal level which represents 
100% and the effect of 10"6 M idazoxan on forskolin response. The right panel represents 
the effects of the extract in the absence (0) and in the presence of 1 o·' M idazoxan (CD) on 
30 µM forskolin-stimulated ['H]-cAMP accumulation in porcine palmar lateral vein. The 
level of ['H]-cAMP is shown as percentage of the 30 µM forskolin response. Each 
experiment was carried out in quadruplicate. The values shown are means±SEM from 4 
experiments. There is no significant difference (at p<0.05) between the effects of the 
extract on forskolin-stimulation and the effect of forskolin-stimulation per se. 

DISCUSSION 

The present study has confirmed that 
methanolic extract of bovine brain contains an 
agent that can displace [3H]-clonidine from 
bovine cerebral cortex membranes. This 
provides the evidence for the presence of 
'clonidine-displacing substance' as described 
by Atlas and Burstein'. The CDS extracts are 
also capable of interacting with the non­
adrenoceptor imidazoline binding sites on 
porcine renal cortex membranes labeled by 
[
3H]-idazoxan as previously reported on the 

properties of this substance'. This raises the 
possibility that CDS might be an endogenous 
ligand for both a,-adrenoceptors and 
imidazoline receptors. 

The binding of the extracts exhibited 
some selectivity for these 2 site.s as previously 
reported10

. The brain methanolic extracts, 
which were prepared in the same way as in this 
study, were less active for opiate receptors 
labeled by ['H]-etorphine and inactive against 
a 1-adrenoceptors and muscarinic binding sites 

labeled by [3H]-prazosin and [3H]­
quinuclidinyl benzilate, respectively. In this 
study, the extract was approximately 2 folds 
1nore potent at a 2-adrenoceotors that at 
imidazoline receptors. However, this finding 
contrasts with that of Singh et al 10 which 
showed that the extract from bovine brain and 
lung were approximately 3-4 folds more active 
at the non-adrenoceptor imidazoline binding 
sites on rat kidney membranes labeled by [3H]­
idazoxan than at a 2-adrenoceptors on bovine 
cerebral cortex membranes labeled by [3H]­
clonidine. This discrepancy may be due to the 
difference in their ligand recognition properties 
of porcine and rat imidazoline sites on kidneys. 

In the guinea-pig cerebral cortex slice 
model, the imidazoline derivative a2-

adrenoceptor agonist, UK 14304, was used 
since it produced greater effect than clonidine 
which showed partially agonist activity. 
UK14304 (I 0-6 M) completely inhibited 
forskolin-stimulated cAMP accumulation. 
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This effect was mediated by a,-adrenoceptors 
since it was prevented by the a 2-adrenoceptor 
antagonist, idazoxan. The inhibitory response 
to a 2-adrenoceptors activation in guinea-pig 
cortex slices was greater than that in the rat 
cerebral cortex slices. In the rat model, only 
35% of the forskolin-stimulated cAMP 
accumulation was inhibited by UK14304 (lo·' 
M)16

• Because of the greater degree of 
inhibition seen in the guinea-pig cortex, this 
tissue was used to examine whether CDS 
extracts possessed agonist activity at central a 
2-adrenoceptors. This study found that 
methanolic CDS extract from bovine brain did 
not mimic the effects of a 2-adrenoceptor 
agonist, UK14304. The unexpected significant 
inhibitory effect of idazoxan in combination 
with the higher concentration of the brain 
methanolic extract on forskolin response might 
be due to some contaminants in the methanolic 
extract or idazoxan that might affect adenyl 
cyclase directly. 

In the porcine palmar lateral vein, the 
vascular a 2-adrenoceptors has been 
demonstrated to be negatively coupled to 
cyclic AMP formation 17

• The degree of 
inhibition by a,-adrenoceptor agonist, 10-7 M 
UKl4304, on forskolin-stimulated [3H]-cAMP 
accumulation in palmar lateral vein was found 
to be approximately 45% of the forskolin­
induced response, which was comparable to 
that reported by Wright et a1 17

• The inhibitory 
effect of a 2-adrenoceptor agonist, UK14304, 
on forskolin-stimulat~d response in porcine 
palmar lateral vein was also mediated by a,­
adrenoceptors, since the effect was prevented 
by idazoxan. However, the bovine CDS 
extract failed to mimic the effect of UK14304 
or produce any significant potentiation of 
forskolin-stimulated [3H]-cAMP accumulation. 
In addition, idazoxan did not alter the response 
of the brain extract on forskolin-stimulation. 
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RELATIONSHIP OF TIME AND SERUM CONCENTRATIONS OF 
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ABSTRACT 

The relationship of time and serum concentrations of Russell's viper venom (RVV), as weJl as blood 
coagulating factors, hemodynamics, and renal hemodynamics were studied, in comparison with the co­
administration of dopamine plus furosemide, in anesthetized male mongrel dogs (N=l8), weighing 10-15 kg. 
Intravenous infusion of normal saline solution (NSS) containing inulin and para·aminohippuric acid (P AH) was 
given for renal hemodynamic studies. Twelve dogs were intramuscularly injected with RVV (0.1 mg/kg) . Six of 
these dogs were given with RVV (0.1 mg/kg) followed by infusion of dopamine (D, 3 µg/kg/min) plus furosemide 
(F, a bolus dose of 1 mg/kg and infusion of 1 mg/kg/h). The other 6 dogs were injected with NSS and served as a 
control group. Blood and urine samples collected at time 0,2,6,12 and 24 hour were analysed for inulin, PAH, 
electrolytes, complete blood count (CBC) and blood coagulating factors including fibrinogen, factor V, factor X 
and fibrin degradation product (FDP). Calculation were made to obtain renal blood flow (RBF), glomerular 
filtration rate (GFR), renal vascular resistance (RVR), filtration fraction (FF), fractional excretion (FE) of 
electrolytes. Serum concentrations ofRVV, in twelve dogs given with RVV, were measured by ELISA at time 0, 
15 min, 30 min, 1,2,4,6,9,12 and 24 hour. The serum concentrations ofRVV were plotted against time on semilog 
paper. Kinetic parameters were calculated from the graphs. When comparing the group given with RVV alone and 
the group given with RVV plus D and F, the results showed gradual absorption ofRVV from the injection site into 
systemic circulation with time of maximum absorption (T max) of 9 hours. In both groups, maximum concentration 
(Cm) of 13.0 ± 13.34 ng/ml and 13.0 ± 2.83 ng/ml, elimination half-life (TyJ of26.0 ± 18.53 hours and 16.4 ± 
10.96 hours, the elimination rate constant (K,) of 0.0267 ± 0.0194 h-1 and 0.0423 ± 0.0211 h-1 and volume of 
distribution (V,) of 5.56 ± 3.23 I/kg and 6.06 ± 3.85 I/kg, were observed, respectively. Mean arterial blood 
pressure (MABP) was significantly decreased at time 12 and 24 hours after RVV injection, but slightly decreased 
in the group given with RVV+D+F. 1-Ieart rate was increased owing to sympathetic stimulation as a compensatory 
mechanism. In the group given with RVV, RBF, GFR, urine flow rate (V) were markedly decreased throughout 
the period of 24 hours of experiment whereas RVR was significantly increased. In contrary, D plus F could restore 
the renal function that being altered by RVV. The increase of FF and FEK and the decrease of FENa and FEc1 were 
not significant. Among blood components, there was no significant difference among the 3 groups. Blood cell 
components were slightly increased. Blood coagulating factors, including fibrinogen, factor V, and factor X, were 
significantly decreased where as FDP was increased throughout the experiment. Dopamine plus furosemide 
seemed to attenuate the effect of RVV on blood coagulation. These results indicated the failure of blood 
coagulation induced by RVV. The effects of RVV were closely related to serum RVV concentrations. Binding of 
RVV to some tissues may be responsible for high apparent Vd and long TYi, thus duration of RVV action is 
prolonged. Dopamine plus furosemide synergistically improved the renal functions, thus increased renal clearance 
ofRVV. This may result in lesser effects on blood coagulation. This should be taken into an account when human 
victims of Russell's viper bites are treated. The conventional treatment using antivenom and maintenance of 
adequate volume should be monitored and observed over a longer period of time than 24 hours. Dopamine plus 
furosemide may considerably be useful in treatment of the viper bites. 

Key words: serum concentration of Russell's viper venom, blood coagulating factors, dopamine, furosemide 

Address of correspondence and reprint requests to· Sopit Thamaree, Department of Pharmacology Faculty of 
Medicine, Chulalongkorn University, Bangkok 10330, Thailand. Tel: 66-2-2511965, Fax: 66-2-2511965. 
E·mail: tsopit@pioneer.netserv.chula.ac.th 



220 Sopit Thamaree 

A11!Hl:JJWU ii''lliM 11 !1111!1~A11:JJ1 '!l aJ'!lu'IJ i'NWIH um 1 'Ill L u<i!i'!J nu 11 W l'l llil fli't~ 1'11 nullT'm ~~ 001 
v 

'lJ iM iii il li1 llil~fl1'>n1'1'1U1~'lJ fl~ llil 1 u !IU'IJ~lr;Hu1111a lilW'l:H um I 'Ill U!l~1]'11 ll'll i'N LlilUl i'.iu11 :IJ nu 
' v 

'lllh<i!lm,i' 
v 

1 
111ri111111n1'1l5ntn 

2 
rtn1u1ff11111 a1nn1'li111J1 rw J 111F11'lfTyijflihun rim::uwnEJrtlffUJ{ yw11;Nn"in1UY1?Jny1ft'EJ nnu. 1 0330 

An 't:.fl fl11 lH1lJv7'lHf'lJ8'1L1 a1Lla:-;1"111 iJ L 'il ii'll 'U'lf El\J W~ UlJ1 L 'lfl 1 u'lf ~ lJ VI a a Vl'ltl LL vJ VIL YI a { Lfi EJ1 fl U OT'i U~\J uJ'1'lJEJ'1 L~ ilVl 

n1<JYi1'HU'1~'lJa11vi ttf1erut'Viuuilun1'i 1~a1lvi1.hiiuua:a:jl'imuGi'~1JJ~1a1u~tT'llv7'1J~~t1Li1a'lvtirn 10-15 Olan~J.J ~'1'111-H 
aau '1'11n1'i'HEJV1ii'1tnilatln&l~UEiuu~u LLa~n'iV1'WTi1a~jjluihJW1~n tviaflnH1nT~'ti1-:i1u·lJfl'l1vi nrilJ~ 1 air'tl 6 ul11vl~u " . . 
n1'i5~n~mLU.J1L'lf1 (0.1 iJn.1nn.) "rl1-tni:f1uttfa nrii1~ 2 aiT'lJ 6 ul11l'i~un1'ififil'Wmul.J1L'lfl (0.1 >Jn.inn.) Lui'1V1111v11a .., . . .... 

uiTml11ilu (3 •~n.1nn.1m;l) '1"numijhi'fl"i;) (•mm•~m 1 "n.1nn. m1u'11""''~"m 1 "n.1nn.1~"-l ~u•an 6 
vi'11vi'-iun1':i5~ni'1lnaai.Jn~hlh.tntjiJA1urp.nRuvi'1aEi1'ltaaviua:::tlaa11:::~t1a1 o, 2, 6, 12 Lta::: 24 -i11iJ1 t~aitfl'i1:::-H 
':i:::v1u8u'dau n'iVl"WT;na:::il1uiiUW1:Sn BtilA1m'i1avf tTut~vitaaVl 1Lfl'i1:::l11:::vl'uttvJAtviai'~t~u1-llu'lflunTHL~'lW1t1a'3Laavi 
1vi'uri1 vJu~l ta'lu uvJAtma1l11 LLvJAtmafau Lta:a:JilGunr'i!1nn1·n'fa1u~1'lltM 1 vJu~u vi1u1ruA1n111l'Huiau'lla-:itaavi1UU>l 1m 

ilVl';i1fl1".ifl'.ifl'li4tnaUJa~a'a fl11lJvi'ltl'Yl1\J 1 'W'l18BVIL~Blil~1GJ ifVlriTUfl1';ifl"i8'1 f1vni1lJfll'iiJUri1u8LaA 1Vl'.i 1a'rl' iLA';il:::-H''Ml 

A11lJL'llu.Ju'lJB'3'W'bl-jLUJ1L'li11'LIYfj'lJ'll8'1'fir'll 12 \tl'1~1vi'-iun115viW~LU.J1L'1f1~L1a1 o, 15 inli, 30 inii, 1, 2, 4, 6, 9, 12 

ua::: 2 4 -i1 ta.J'l 1viu1581aw1 a-f1'3n'J1vJ'J:::V111'1L1a10uaanvi11JJL.JJJ'1lu'l.la'3W~tuJ1t'll'11u<a-r" vi1u1rurhw1-;i1iitvia{n1'1 

'\lau rr1aGrf'\l1 n n 'i1vJ trl a L U~uu L YiuuGf 'IT'lln ~ i.i ~1vi'1 u~ lfJ LLlJ1 L '111 a tl1,n&iu1t1uqU''IJn~11 ~1vi'~ u Vhi~ uu1 L '111~1lJ t1urn1vi th i1 'U 

Lta~vrr ";i'B"111 til f..!a fl1";i'Yl tti a tN uatti'1iTW ~ LuJ1 L'l11 ri au 1 f1 n tti tti~11:v1n Gii u 'YJil'1~5vi L ~15 n ";i:: Lta1 a l1V1 L 1 a1~";i::liluW ~ uu1 L 'lf1 a'! 
v ... " " " " " 

avi1"U'i.i~uAa g -5'11iJ-l1'Ulf'laa'1nriiJ ri11iJL'l1ll'l1"Ua'!avivH11tltJ Aa 13.0 ± 13.34 'U'UO.tlJa. LLa:: 13.o ± 2.83 'Ut!O.tiJa. . . " . 
Yl1ri~'l:a1vi'IJB'l01";iri1~VILvi10u 26.0 ± 18.53 -5'11iJ'ILLa:: 16.4 ± 10.96 -H11i.i-:i fl1A'1~'lltMfll";iril~VlLvi10u 0.0267 ± 
0.0194 '1'11~•-' """ 0.0423 ± 0.0211 '1'11"•-' """1J'lmm'"""'""'"'~1nu 5.56 ± 3.23 a.1nn. """ 6.06 ± 3.85 
a.inn. G'J1:i.ni11ilu A1L1l~l'.l'IJtMA11iJi!utaaviuvi-:iavia'!atl1'1iiirud1flcy~na1 12 ua:: 24 -t11J.J-l'H'1'1:v1niitti~lfJLUJ1t'lf1uviavi 
". 1 . J1... . .,_,. -"'"1,. • ·1 .,.,. ;, . 

a-:iLaO'Utltl tlO~ iJ'YI Vl";iU'W~UlJ1l'lfT'j1)JflU tVlullJ'UUa::l'j L "j'lf lJl?l ClVl'l101";iLYI 'W'llB'-11'11 :VL 'WlJ'IJt!L u'U~(i).Jl;;J1flfl1'lfl";i::G_!U 

_, • • J ;, 1 .; • • 1 .• , •• • . • • 1 • • 
u'l::a1Y1·alJ'W1UiG'Jfl 'lf'1L uuna fll 'VHJ?J(ill?JUfll";ial?IA112.JVl'ULaaVl 'Ufl~2.J't1 LVl'JU'WlfJlllJ1L'lfltlEl1'1LVIE/1)Jfl1'l 'YJ{tl1U'U'IJB'1UifJVI 

ilviTinl";i01'a·rrITnaL2..1a3a'aua::ilm";l1n1'J 11'1ti'lla'lilaa11::aVla-:iatl1'!L~'W.gVIVJaavi'l::t1::L1a1n11flnB1 2 4 ~1 ltN 'l.lru::~A11u 
ltl1'U't11'W 1 u"YJa a Vl t'il a l'l~lG'J L viu~u aEi1'1 ihJ u d1 A ty 1 "UYl1'1Vl";l'I fl ut71i.iu11~n.hilu Lta::~ ";i~l" til a12..111nVh1-Hn11'vi1-:i1u'l.I a'l 1VI ~ 
_,J _, .; • • • ., • ~ • ~ •• ,_, • 

Lu au u LL u a'! Lu a'!:v1n f.Ja'll a-:i'V4 lfJ LUJ1 L '111 n auri uin 011 L w uavi '11 u n11'n1a-:i ua ::a l?ln1'\J Ol";i'IJU rnu Lu UVI at '11tl u Lta:: fll";i avi a-:i 

'l/Cl-la'Vlri1'U 011'0 "j a-:i ua:: a Vlri1'1J flT'i-U'url1u 1 'lfL61u lJ lltl::fl a a 1 "j l'l1ii" Uu d1Acy 1 'IJ U';i";i Vil ri1u\J";i:: n a U'll [)'!Lil BVI 'Wlr.hil fl11 lJ LLYI fl 

vil'l";i::"tti1-:iqt!n 3 n~i.iatl1'1 liiilt!ud1v1'cy L~Vltaavi?JiJl?lvi1'1 'lLrilJ~tJL~flU'au tLvlALV1a'1vitfiu1tlun1";lu~-:i~1'1Ja-:itaavi lvi'ttri 

1-·' ., __ , ,. ··' '• .•• ~ • J • • '-·' • ., .J' 
TI U"iL 'IJL:YU Un ALVIB";i\11 LLa::LLnALG'Jtl";iutJavia~aU1'1lJ'IJUn1Ai)! 'llOJ::Y1NaV1Na:v1nn1";laa1um1'l.la'1 L nlJ";i'Ul'WlJ'll'UV1a£1Vlfll'J 

't1 l?la a~ u11 (ii U1ii 'lJ ~1 lJ n u~1 "j;a1lJ \ll'ri11 'ti' qnif 'll a-:iW ~ LllJ1 L 'lr1~ a fl1"Hl~'1 ~1'1J a~ ta a VH'lfilti a El a~ Na fll";iYI l?l a B'1 uavi'111Vi ~ 

UlJ1L'lflYi11iXnTiU~'1~1'llEHtilal?ltJfl~~a-:i ql'lif'l.la-:iW~LllJ1L'lf1iiri11ua'iniiufii'u1'::vlu~lfJLllJ1tir11u'li~" WlfJUlJ1L'l11a1:v~u 
• .J' " 0 1 ··-"' . " - • 0 1 " .( • ' 0' • • • -·" .,, , nu L 'U a LEI [)1'11 ,.., lJ u";i lJ1Vl";ifl1"ifl";it:;;;J1UiJ10 ua::fl1fl"j~'lf1VIU11;;;)'1Yl1 ,.., CJ'l'lll'IJ B'1'V4 lfJ LllJ1 l 'lr1El11'Ul'U U1 L Vl ul 1.J 'IJ'j1 lJ n Ur:! L "j'/j LlJ VI 

li;l~lJnYl°B n u~b El 1-H n11'ri1'1TU'll a'11t11 ~?f 'IJ~'l l ~ lJ Ol";i-U'uri1u w~ UlJ1 L 'lfl Nail a1;;;ifi11-H q Yl'B'll B'I w m UlJ1 L '111 ~a U:v~u Lfiu1 n \J fl1';i ., " " 
<1.., ... ..... ~ ..r • ... .ol • ., .J ......... .., 1: .. .J<J., ,, 

U'lM tll1'll a-:i La a Vll.J 'U Bl'J{N Nilfll";itJO H1'1J fl1';i'lJ1lJ1'V4 ;;;)1";i [U1LlJ £1't11 fll'j'j fl H1fl 'UYl\1 n~ Ui.11 L mn l?l 1D fll";i";i fl 'H1 Vl'I LVllJ'YI L?J{fl";iW1'lJ 

• •• 1 """.~ "" .,, J' ~I ., ., 1 ' J ' 'W~ (UB'UW1'UB3.J) ua::A1\JfliJ 'MlJu"JlJ1Vl";ilGiBVll'Wl'.l'l'V4B tlBfl:V10'1Jfl1'Jlw1";i::1~Ua::a-:iLOWB1fll"i 'U'll1'1L1Gi1Yl'lJ1'1Jfl11 24 

'1'11"• aT•u1"1T•tl1ilui1"nuvJ1'i'fl"'1m1.r1h" T"wu1un11fo>11n11on<LLu1Lmnm1'1 
" " " 

A1ri1Aqi : 



Thai J Pharmacol; Vol 22: No 3, Sep-Dec 2000. 

INTRODUCTION 

The venon1 of snake is a complex 
mixture of enzymes, peptides and proteins of 
low relative molecular weight with specific 
chemical and biological activities which may 
cause multifarious clinical manifestation. 
Russell's viper venom (RVV) contains 
isoenzymes of phospholipase A2

1, coagulation 
factor-activating proteases2

, hyaluronidase3
, 

nuclease, hen1orrhagins, and several other 
constituents4

, which can instantly induce 
hematological abnormalities and circulatory 
failure5

. The clinical manifestations associated 
with most viper bite are local swelling, local 
necrosis, systemic symptoms, spontaneous 
hemorrhage, hematological effects, shock and 
death'·'. The kidney is one of the organ 
rrequently involved with snake bite. Acute 
renal failure (ARF) is an important cause of 
death in Russell's viper envenomation8

. The 
nonspecific effects of RVV leading to renal 
hernodynamic alterations, together with direct 
nephrotoxicity, favor the development of ARF. 
Early treatment with specific antivenom and 
adequate fluid administration are preferred. 
However, the effective dose and rrequency of 
antivenom administration should be based on 
the amount of venom envenomation and the 
kinetics of venom distribution in the body. As 
the severity of poisoning are directly related to 
the serum venom levels. The relationship of 
time and venom concentrations with the blood 
coagulating factors and renal hemodynamics 
may be useful in determining the proper 
antivenom therapy and the period of time the 
patients should be closely monitored. The 
results rrom our previous report showing the 
synergistic effect of dopamine and furosemide 
in the model of RVV-induced nephrotoxicity9

. 

Dopamine combined with furosemide may 
accelerate the urinary excretion of RVV as a 
consequence of renal function improvement. It 
is, therefore, the purpose of this study to 
describe the changes of serum RVV in relation 
to its effects on blood coagulating factors and 
renal hemodynamics, in comparison with the 
co-administration of dopamine plus 
furosemide, in dogs injected intramuscularly 
with RVV. 

MATERIALS AND METHODS 

Eighteen male mongrel dogs, 
weighing l 0-15 kg, were studied. They were 
anesthetized with intravenous pentobarbital 
sodium (25 mg/kg). If necessary, 
supplementary doses of 25-50 mg were given 
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to maintain the anesthetized state throughout 
the study. In all dogs, femoral arte1y and vein 
cannulations were made for measuring the 
mean arterial pressure (MAP), heart rate (HR), 
blood collection, intravenous infusion of 
normal saline solution (NSS) and drug 
solution, and renal clearance study. The urine 
flow rate (V) was made by mean of ureter 
cannulation. Russell's viper venom in the 
lyophilized form was produced by the Queen 
Saovabha Memorial Institute of the Thai Red 
Cross Society. 

Experimental Design 

Dogs were divided into three groups 
of six dogs each. In all dogs, 1.2% of para­
aminohippurate (PAH) and 7 .5% of inulin 
dissolved in NSS were intravenously injected 
at the dose of 0.5 ml/kg and then 0.12% of 
PAH and 0.75% of inulin dissolved in NSS 
were continuously infused with the rate of l .8 
ml/min throughout the study. After a control 
period of 60 min, RVV (O.l mg/kg body 
weight) dissolved in 2 ml of the NSS was 
intramusculary injected into twelve dogs. In 
six dogs given with RVV, a bolus dose of 
furosemide (I mg/kg) was intravenously 
injected followed by continuous infusion of 
furosemide ( l mg/kg/h) and dopamine (3 µg/ 
kg/min), dissolved in NSS, for 5 hours. Blood 
samples were taken at time 0,15,30 min, 
1,2,4,6,9,12, and 24 hour. Serum was 
separated and quantitative analysis of RVV in 
the serum were performed by the method of 
Enzyme Linked-Immuno-Sorbent Assay 
(ELISA) developed in-house. At time 0,2,6,12 
and 24 hour, determination were made of 
MAP, HR, renal blood flow (REF), glomerular 
filtration rate (GFR), urine flow rate (V), renal 
vascular resistance (RVR), filtration traction 
(FF), rractional excretion of sodium (FEN,); 
potassium (FFK); and chloride (FEc1). The 
renal plasma flow (RPF) and GFR were 
measured by PAH and inulin clearances, using 
the standard techniques 10

'
11

. Plasma and urine 
concentrations of inulin and PAH were 
measured by method described by Davidson 
and Sackner 1', and Smith". REF was 
calculated rrom RPF and packed cell volume 
(PCV). RVR was calculated from MAP and 
RBF. Sodium and potassium were measured 
by flame photometry (Klina Flame, Beckman). 
Chloride was measured by a chloride analyzer 
(Instrumentation Labs, model 279). Blood 
coagulation study including complete blood 
count (CBC), fibrin degradation product 
(FDP), fibrinogen, factor V, and factor X were 
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performed. CBC was measured (Sysmex 
Meditop, Japan), FDP was measured by Rapid 
Latex Test13

'
14

, fibrinogen and factor V were 
measured by Clotting Assay1

"
16

, and factor X 
was measured by Chromigenic Assayn 

STATISTICAL ANALYSIS 

All values were expressed as mean± 
SD. The data were analyzed by Student's 
paired !-test. A P-value of <0.05 was con­
sidered significant. 

RESULTS 

Serum concentrations of RVV in relation to 
time 

Figure 1 and Table 1 show the 
changes of serum concentrations of RVV 
during 24 hours in dogs injected with RVV 
(0.1 mg/kg body weight) intramuscularly, 
compared to the dogs injected with RVV at the 
same dose and same route combined with 
dopamine and furosemide. The levels of RVV 
gradually increased in both groups with the 
maximum concentration (Cm,,) of 13 ng/ml at 
9 hours (Tm,,) after RVV injection. In RVV 
group, serum RVV was higher than that 
observed in the group given RVV with D+F. 
Moreover, Cm,, in the RVV group was 
sustaimed for at least 3 hours of observation, 

Figure 1. 

12 

Time(h) 

16 " 

Time-serum concentration curves of 
RVV in dogs injected with 0.1 mg 

RVV /kg body weight ( •) and dogs 
given sustained RVV and dopamine 
combined with furose-mide ( Ill ) 

Sopit Thamaree 

whereas Cm,, in the RVV +D+F group declined 
to 10 ng/ml within 3 hours. At the end of 24 
hours of observation, serum RVV in the group 
given RVV+D+F was lower than that observed 
in the RVV group. However, the concen­
trations of RVV were still high showing that 
RVV was slowly eliminated. Assume that the 
kinetics of RVV follows the one-compartment 
model, calculated values of kinetic parameters 
are shown in table 2. As elimination of RVV 
in the group given RVV+D+F was accelerated 
as considered from elimination rate constant 
(Ke) and clearance (CL). Half-life (T ") was 
shortened and area under the curve (AUC) was 
lower than that observed in the group given 
RVV alone. 

Effects of RVV on blood components and 
coagulating factors 

Table 3 summarizes the effects of 
RVV on blood components, and table 4 shows 
the effects of RVV on blood coagulating 
factors in dogs injected with RVV (O. l mg/kg) 
intramuscularly, compared to the dogs injected 
with RVV at the same dose and same route 
combined with dopamine and furosemide. 
White blood cells (WBC) were increased in all 
groups, however in the groups given RVV 
showed higher amount of the increased WBC 
during the first 12 hours. Red blood cells were 
slightly decreased in the groups given RVV 
during the first 12 hours, whereas markedly 
decreased in the group given RVV alone as 
observed at the end of 24 hours. Platelets 
(PL T) were slightly increased at 2 hour time 
and then decreased toward the end of 24 hours, 
while those in the control group remained 
unchanged. Hemoglobin was substantially 
decreased in the group given RVV alone as 
observed at the end of 24 hours. Hematocrit 
was slightly increased at the first 2 hours and 
then decreased toward the end of 24 hours, 
particularly in the groups given RVV. Blood 
clotting factors, including fibrinogen; factor V, 
and factor X, were significantly decreased in 
the group given RVV alone and markedly 
decreased in the group given RVV+D+F. 
Whereas the fibrin degradation product (FDP) 
was significantly increased in the groups given 
RVV. 
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Table 1. Serum concentrations of RVV in dogs injected with 0.1 mg RVV/kg body weight compared with the 
group given RVV with dopamine (D) and furose1nide (F), expressed as mean ±S.D. (N =6) 

Serum RVV at Time (h) 
Group 

0 15 30 I 2 4 6 9 12 24 
min min 

RVV 0 0 2.50 3.00 6.25 8.25 l l.50 13.00 13.00 9.50 
+2.00 +2.83 +3.20 +7.18 +I0.30 + 13.34 +12.03 + 8.23 

RVV 0 0 0 3.33 3.40 6.00 9.70 13.00 IO.DO 6.00 
+(D+F) ±3.77 + 3.58 +4.24 +2.86 +2.83 +2.35 + 5.57 

Table 2. Estimated values of RVV kinetic paran1eters in dogs injected with RVV (0.1 mg/kg) compared with 

the dogs given RVV with D and with F. (N ~6) 

Group T" v, K, CL AUC 
(hJ (I/kg) (h'') (l/h/kg) (mg-h/l) 

RVV 26.00 5.56 0.0267 0.1485 0.6734 
+ 18.53 + 3.23 + 0.0194 + 0.1073 + 0.4528 

RVV 16.40 6.06 0.0423 0.2563 0.3902 
+(D+F) +10.96 + 3.85 + 0.0211 +O.l2!5 + 0.1083 

Table 3. Effects of RVV on blood components: white blood cell (WBC), red blood cell (RBC), platelet 

(PLT), hemoglobin (HGB) and hematocrit (HCT), in dogs injected with O.l mg RVV/kg body weight 

compared with the group given RVV with dopamine (D) combined and furosen1ide (F) and the 

control group. (N ~ 6) 

Blood Group Time lh\ 
Comnonents 0 2 6 12 24 

Control 4.07 8.02 15.37 16.90 15.00 
+2.39 +4.71 + 10.83 + 10.83 + l0.84 

WBC RVV 4.40 12.98 18.54 26.90 7.7 
(x I 03 cells/µ!) + 3.20 + l0.79 + 16.79 + 23.61 +6.93 

RVV 4.64 l0.45 16.25 23.78 I l.46 
+(D+F) +2.33 +6.08 + 10.16 + I 6.40 + 6.13 
Control 4.95 5.13 5.25 5.21 4.51 

+ 1.54 + 1.62 + 1.28 + 1.55 + 1.55 
RBC RVV 4.88 4.76 4.66 4.37 2.06 

(x I 06 cells/µ!) + 1.23 + 0.86 + 0.91 + 1.43 + 0.79 
RVV 4.65 4.81 4.87 4.45 3.87 

+ ID+F\ + 1.31 + 1.04 + 1.06 + l.35 + 0.94 
Control 69.00 81.33 74.50 68.50 77.00 

+ 37.67 + 41.64 + 58.74 + 38.96 + 43.66 
PLT RVV 69.50 84.50 36.60 41.50 36.00 

(xl 0·1 cells//µ!) + 31.45 + 40.63 + 14.51 + 2 l.67 + 7.07 

RVV 67.30 78.50 46.67 45.53 40.35 
+ (D+F) +41.15 + 38.79 + 23.79 ± 21.69 ± 18.49 
Control l l .45 12.10 12.20 12.08 I I.I 0 

+ 3.33 + 3.94 +2.95 + 3.17 +4.16 
HOB RVV 10.80 10.55 10.43 10.0 4.9 
(g/dl) + 2.48 + l.79 +2.04 + 3.28 + 1.84 

RVV 10.79 l l.08 l l.27 10.26 10.00 
+ID+Fl + 3.16 + 2.67 + 3.41 + 3.28 + 3.01 
Control 33.27 34.65 32.60 35.42 32.07 

+9.97 + 11.l l +9.73 + 9.32 + 11.40 
RVV 32.38 33.98 26.54 26.90 17.70 

HCT +7.76 + 5.25 + 6.68 + 10.05 ± 5.52 
(%) RVV 29.25 33.88 27.75 24.88 23.25 

+ (D+F) + 5.85 + 2.39 + 4.35 + 7.47 +7.5 
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Table 4. Effects ofRVV on blood coagulating factors in dogs injected with 0.1 mg RVV/kg body weight, compared with the 
group given RVV with dopamine and furoscmide. (N = 6) 

Blood Group 
Coagulating 0 

Factor 
Control 2.25 

Fibrinogen + 0.27 
(mg/dI) RVV 2.28 

+ 0.68 
RVV 2. I5 

+(D+F) + 0.39 
Control I49.2 

Factor V + I6.36 
(mg/dI) RVV I26.67 

± 36.80 
RVV I20.25 

+ (D+F) + 24.04 
Control I25.80 

Factor X + 36.80 
(mg/dI) RVV I I0.50 

± 61.65 
RVV IIO.I6 

+ (D+F) + 53.68 
Control 0 

Fibrin Degradation 
Product (FOP) RVV 0 

(mg/di) 

RVV 0 
+ (D+F) 

*P< 0.05, compared with the time zero within the same group 

Effects of RVV 011 systemic and renal 
hemodynan1ics 

Table 5 summarizes the effects of 
RVV on MAP, BP, RBF, GFR, V, RVR, FF, 
FEN, , FEK, FEc1· There was a significant 
reduction in MAP in the group given RVV 
alone. The HR was increased in the group 
given RVV+D+F. RBF, GFR and V were 
significantly decreased in the group given 
RVV alone. In contrary, RBF, GFR and V 
were increased in the group given RVV+D+F. 
RVR was significantly increased in the RVV 
group, whereas in the RVV+D+F group, RVR 
was decreased. FF was slightly increased 
during the first 12 hours in the RVV group. 
FENa, FEK and FEc1 were increased in the 
group given RVV+D+F. 

DISCUSSION 

The serum levels of RVV in dogs 
given a single dose of RVV intramuscularly 
peaked at 9 hours after venom injection. This 
result is somewhat different ftom that observed 
in the envenomated rabbit18 whose peak 
venom levels were detected between 2 -4 hours 
after venom injection. Whereas in RVV bite 
victims, Cmax was unidentifiable since the 

Time (h) 
2 6 I2 24 

2.07 2.I4 2.53 2.57 
+ 0.34 +0.6I + 0.95 + l.45 

l.83 0.95 0.58* 0.24* 
+ 0.60 + 0.23 + 0.26 + O.I2 

I.94 l.38 l.07 0.94 
+ 0.52 + 0.43 + 0.35 ± 0.48 
I25.23 I I8.02 !08.6 I I9.67 

+ 26.90 + 39.52 + 27.69 + 36.I2 
44.50 16.77* 12.60* 17.77* 

± 32.08 ± 13.72 + l l.50 + IJ.90 
65.50 30.95 27.53* 31.25* 

+ 25.60 + I5.62 + I0.32 + I l.22 
I I0.40 I Ol.20 I06.4 I I2.33 

+ 42.04 + 43.05 + 43.33 + 35.92 
I02.50 56.I7 39.20* 39.67* 

± 38.26 ±42.I2 ± 19.26 + 30.67 
I00.20 74.90 48.75 50.60 

+ 45.50 + 31.11 + 20.05 +2I.47 
0.40 l.28 l.2I I. I I 

± 0.29 ± 0.89 + 0.32 + 0.42 
0.40 2.80 2.97 54.00* 

± 0.29 ±I.IO ±I.I I ± 25.0 
0.38 2.I2 2.26 27.35* 

+ 0.19 + 1.05 + 0.97 +Il.4I 

patients must be treated immediately on arrival 
to the doctors. However the initial serum levels 
of RVV in RVV bite victims ranged ftom less 
than IO ng/ml to 290 ng/ml 18

. Since RVV 
and/or its metabolites are excreted by the 
kidney 18

. A combination of dopamine and 
furosemide seemed to enhance the excretion of 
RVV. Although at the end of 24 hours, 
elimination of RVV was not completed, 
however the calculation of kinetic parameters 
were made to obtain the relative values 
between the two groups. As expected, 
clearance of RVV in dogs receiving 
RVV+D+F was relatively faster when com­
pared with the dogs given RVV alone. This 
effect may be due to the combination of 
dopamine and furosemide. Furosemide is a 
very potent diuretic acting on the thick 
ascending limb of Henle's loop and inhibits 
Na+-K+-2cr symporter 19

. Dopamine itself acts 
on the DA 1-dopaminergic receptors thereby 
giving rise to renal vasodilatation20 and 
facilitates furosemide to the site of its action in 
the nephron, thus synergises the action of 
furosemide. The effects of a combination of 
dopamine and furosemide on renal hemo­
dynamics in dogs injected with RVV has 
confirmed our previous report9

. Dopamine plus 
furosemide was reported to be effective in the 
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Table 5. Effects of RVV on 1nean arterial pressure (MAP), heart rate (HR), renal hemodynamics: renal blood flow (RBF), 
glmnerular filtration rate (GFR), urine flow rate (V), renal vascular resistance (RVR), filtration fractic:m (FF), 
fractional excretion of sodium, potassium, and chloride (FFNa, FEK, FEc1) in dogs injected with 0.1 mg RVV/kg alone 
or in combination with dopamine and furosemide. (N of each group= 6) 

Paran1eter Group 
0 2 

Control 96.01 106.0 
MAP + 36.04 + 33.34 

(mmHg) RVV 107.13 108.6 
± 23.57 + 18.55 

RVV 100.75 90.42 
+(D+F) ±27.18 ±29.1 
Control 135 135 

HR + 34 +JS 
(beats/min) RVV 175 161 

±44 ± 22 
RVV 158 141 

+ (D+F\ + 40 + J7 
Control 198.97 134.84 

RBF ± 33.64 ± 38.48 
(ml/min) RVV 162.39 93.85* 

± 63.52 ±36.16 
RVV l 8J.34 154.96 

+ (D+F) + 82.54 + 28.9 
Control 63.11 J9.Jl 

GFR ± J6.II ± 34.16 
(ml/min) RVV 22.57 18.64 

+ 3.96 + 5.98 
RVV 22.29 24.93 

+ (D+Fl + 8.37 + 12.18 
Control 0.82 0.84 

v ± 0.53 ±0.86 
(ml/min) RVV 1.77 0.52 

+ 0.67 + 0.46 
RVV 1.22 2.54 

+ (D+F) + 0.82 + 2.67 
Control 45.61 71.64 

RVR + 23.19 + 44.85 
(xl,000 dyne- RVV 65.94 106.56 

sec/cm5
) +27.14 + 45.68 

RVV 71.38 49.01 
+ !D+F) + 75.08 + 14.07 
Control 48.33 43.66 

FF + 29.05 + 27.91 
(o/a) RVV 2J.09 J 1.45 

+ 5.86 + 11.47 
RVV 18.17 24.64 

+ (D+F) + 6.91 + 14.69 
Control 1.43 1.35 

FE Na + 1.65 + 2.1 
(%) RVV J.9 1.18 

+ 1.95 +0.84 
RVV 3.54 8.81 

+ (D+F) +0.41 +6.1 
Control 20.69 J 1.65 

FEK + 11.08 +24.19 
(%) RVV 104.64 45.42 

+ 71.05 + 14.65 

RVV 28.68 80.49 
+fD+F\ + 25.36 + J6 
Control 1.67 J.87 

FEc1 +I.99 + 5.5 
(%) RVV 4.08 1.18 

+ 2.Jl + l.05 
RVV 3.61 9.17 

+ (D+F) + 1.41 + 7.72 

* P< 0.05, compared with the time zero w1th1n the same group. 
t P< 0.05, compared with the other groups 

Time fh) 
6 12 24 

93.74 94.4 93.01 
+ 22.47 + 15.08 ± 20.16 
104.67 56.73' 28.24" 
+ 12.5 + 36.9 + 10.96 
95.75 91.88 85.28 

± 29.02 ± 12.16 ± 15.68 
IJ9 147 133 

+40 + 39 +26 
149 147 140 
± 74 ± 70 ± 42 
162 180 179 

+ 5J + 40 + 32 
176.37 175.05 221.56 

± 39.61 ±39.18 ± 57.59 
29.08" 4_73•+ 935•+ 

± 16.37 ± 5.07 ± 1.57 
264.96 343.33 218.8 

+ 2J5.63 + 484.85 ± 170.45 
57.41 76.66 80.08 

± SS.9J ± 80.31 ± 60.06 
4.36'+ 1.66•+ 1.49•+ 

+2.57 + l.92 + 0.51 
33.03 29.37 32.09 

± 14.15 + 10.06 ± 13.55 
1.29 1.12 0.88 

± 0.96 ±0.77 ±0.44 
0.25'+ 0.06•+ 0.12•; 

+ 0.19 + 0.04 + 0.06 
1.94 I.I I 1.0 

± 1.68 ±0.98 ±0.35 
62.82 58.37 J6.3 

+ 47.87 + J6.7J +15.07 
409.15+ 2328.22'+ 252.98 
± 211.79 ± 30882 ± 136.41 

60.22 34.95 41.11 
+ 47.24 + 20.98 + 21.22 
46.92 59.16 51.91 

±28.72 ±SJ.OJ ±28.96 
26.76 48.79 19.44 

+ 21.89 + 40.88 + 1.71 
18.74 12.14 20.99 

+ I0.09 + 15.66 ±4.36 
2.66 J.28 1.67 

+ 1.64 ±4.31 ± 1.07 
4.72 2.84 7.69 

+ 5.26 + 2.59 +4 

7.08 3.31 4.56 
+4.73 + 2.0J + 3.JJ 
26.65 40.14 21.31 

± 18.71 ± 37.29 ± 20.19 
79.98 I 51.57 54.98 

+ 64.2J + 130.2 + 47.08 
84.7 49.6J 56.57 

+ 56.05 ± 21.14 ± 54.95 
1.91 3.85 1.71 

+ 1.47 + 3.88 + 1.68 

4.73 2.41 2.8J 
+ 6.35 ±2.14 ±2.12 

9.5 J.06 6.94 
+ 6.31 + J.19 + 3.J6 
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treatment of oliguric acute renal failure 
induced by several causes21

-
23

• RVV clearly 
alters renal hernodyna1nics. The reduction of 
MAP, RBF and GFR observed in this study 
confirms the results from our previous repo1i24. 
Hemodynamic alterations in snake enveno­
mation are believed to be the result of interac­
tions of various vasoactive mediators25

'
26

, some 
of which are vasoconstrictors, for examples: 
norepinephrine, angiotensin II, endothelin, 
thromboxane A,_ which contribute to renal 
vasoconstriction and cause a reduction of RBF 
and GFR. So1ne are vasodilators, for examples: 
prostacyclin (PGI2), PGE,, bradykinin and also 
NO, which contribute to vasodilatation and 
hypotension. The effects of RVV on blood 
coagulating factors as observed in this study 
show the decrease of fibrinogen as well as the 
factor V and factor X. This coagulopathy is the 
frequent consequence of viper bites6

. Viperine 
venoms act indirectly by activating 
prothrombin or factor X, then intravascular 
coagulation occurs and the factor X is 
decreased. Viper venom also acts continuously 
on fibrinogen, producing a fibrin more 
susceptible to lysis and resulting in non­
clotting or poorly clotting blood because of the 
absent or very low levels of fibrinogen 
whereas levels of fibrin degradation products 
are elevated27

, abnormal bleeding may follow6
. 

Most viper venoms, in man, act predominantly 
on the haemostatic system, pa1iicularly on 
capillary endothelium'. Locally, this causes 
swelling rapidly as observed at the site ofRVV 
injection in this study. Together with 
hemorrhage, the exudation may consist of 
plasma or whole blood as observed in this 
study that RBC was decreased. Hemodynamic 
changes are very much similar to those 
observed in sepsis25

'
28

. Snake bite is thus 
involved the inflammatory processes. It is not 
surprising that the WBCs, the major blood 
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CONCLUSION 

In conclusion the effects of RVV on 
blood coagulation and renal hemodynamics 
were closely related to serum RVV concen­
trations. Binding of RVV to tissue compart­
ment was responsible for the high apparent 
volume of distribution and long half-life of the 
venom, thus duration of RVV action is 
prolonged. Dopamine combined with 
furosemide not only improved the renal 
function, they might also accelerate the urinary 
elimination of RVV. However the con­
ventional treatment using specific antiveno1n 
and maintenance of adequate volume should 
be monitored and observed over a period of 
longer than 24 hours. 
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REVIEWS 

THE MECHANISM OF AUTONOMIC NERVOUS SYSTEM IN THE 
REGULATION OF INSULIN SECRETION 

Sirintom Yibchok-anun 

Department of Pharmacology, Faculty of Veterinary Sciences, Chulalongkorn University, 
Bangkok 10330, Thailand. 

ABSTRACT 
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The regulation of insulin secretion is important for the maintenance of normal glucose 
homeostasis. There are at least four major pathways of the stimulation of insulin secretion that have 
been defined. The first major pathway is high concentration of glucose which causes inhibition of ATP­
sensitive K+ (KArr) channel and then depolarization of the plasma membrane. The second pathway is 
the KATP channel-independent pathway of glucose action or a distal effect. The third pathway is the 
activation of phospholipase C-~ by pertussis toxin (PTX)-insensitive G protein, resulting in enhance­
ment of the effect on stimulated secretion of agonists such as acetylcholine and cholecystokinin. The 
fourth pathway is the activation ofadenyl cyclase by G,, thereby activation of protein kinase A (PKA). 
The activation of PKA causes a small increase of [Ca2+]i and a large increase of insulin secretion. The 
autonomic nervous sysiem plays both positive and negative roles in the regulation of insulin secretion 
from pancreatic ~-cells. Acety le ho line activates muscarinic M3 receptor subtype, which is 
parasympathetic nervous system, then increases insulin secretion by combined effects of activation of 
phospholipase C-~ and a distal effect independent of a rise of [Ca2+);. For sympathetic nervous system, 
activation of ~ 2-adrenergic receptors coupled to Gs enhances insulin secretion, whereas activation of 
a2-adrenergic receptors coupled to G/G0 inhibits insulin secretion. The mechanisms underlying a 2-

adrenergic agonists inhibit insulin secretion are activation of KATP channel, inhibition of Ca2
+ -channel, 

inhibition of adenylyl cyclase and others. 

Keywords: insulin, autonomic nervous system, regulation 

Address correspondence and reprint reqJ1ests to · Sirintom Yibchok-anun, Ph.D. Department of 
Pharmacology, Faculty of Veterinary Sciences, Chulalongkorn University, Bangkok 10330, Thailand. 



230 Sirintrun Yibchok-anun 

fl1'jA111 fl J.J fl1 Tl'I .j', ern {lJ.ru a \J'!f a \J iJ A11 J.J ih vi [\j ~'l '11 M'lu fl1'j~fl1'11 fl11 ~lllJ \i! lll'J'IJ il'l tl1 !ill <I 

1u~1'lfl11J fl<! 1fld1vity~A1ufl1JFl1T11k'lfla'J't:wuau'!fll1Jilal'i1'ltl'aiJ 4 fl<! 1fl fia 

1 'J"viuA11mv:wv1J'llil'ltl11i11<11um"LLmaa\il~LvllJll'l~\J 'th hf ATP-sensitive K' channel • 
(KAT,) tlvi li'lt-rnhhnvifl1'JLti~1JIJlLtia'lA111Jlii1'lflmf Lfllil depolarization 'llil'lNU'lL'lfaa~\J 

2 fl<! 1fl~hit~s1va'lnU'J"viutl11111a 1ufl'J"LLmamrna" KATr channel V1"'la~t'liln11 
"distal effect" 

3 fl<! 1flfiL~il1Vil'ln1Jfl1'Jfl'J"qma\J l'IJ:iJ phospholipase C- P LV1£1N1\J'Yl1'l pertussis toxin 

(PTX)-insensitive G protein ilNmh hftvl:wq11t'IJil'lll1'J agonist 1J1'lvi1 L'll\J acetylcholine ll<I" 

cholecystokinin 1 \J fl1'Jfl'J"vi\Jfl1'JVl.\''l flil fi::wu at1'1Ja\J ' . 
4 fl<! 1fl~l~il1Vil'ln1Jfl1'Jm"qt1 adenylyl cyclase LVJU G, li'lr.J<lfl'J~qt1 protein kinase A 

(PKA) vh 1<th"viULLAm'lls:wmil1 \Jl'IJ<laLvlJ.Jll'l~\Jl~flUil£1 ll<l"fl'j~vi\Jfl1'jVlk'lflilflJ.Jt1E\J'IJa\J . ' . 
'J"uutl'J"ll111fl\i11 \J iJili jj Naif 'l 1 \Jll~ m"qt1 trndiuci''l fll'JVI ~'lflilfi:lJIJ llt1'!fllti'i11 fl P-cells 

'llil'lviueiat1 Acetylcholine m"qt1vi1fo'l!il'l'J"U1Jti'J"l1111~1'J1?l:w-vnrnili~~U~ ~uscari~i~-CM,J) 

li'lN<1fl'J"qt1m'JV1.1',£1a'J't:wt1at1'!fllt1lvi'tviam'Jm"qt1f.i1t1fla1? phospholipase c-P)ua~-<li;tai 
effect ~' l:iJ L~£11Vil'ln1Jfl1'JL vl:w~t1'1Jil'l'J"virnLA<1L'liu:wms 1 m'lfmf ~1'111'iJ.,;;u-uJ.,~~1mm-nrnilin ) 

,- -- 1 ' \ " 

1 •. fl ~ ~ ... ~~1 d1 fl<! flfl1'Jm"liJtlf.ll\J111'l ( f-'z -adrenergic receptor lV'IJ.Jfll'JVl<l'lflil'J LlJ\Jil\J'!f<l\J i m1ru~111rn flfl1'J 

fl'j"qt1f.i1t1111' a,-adre';;~;gic ;~~eptor iiuci',m.,V1.1',£1afi::wt18t1'!flit1 fla 1fl~ a 2 -adrenergic 

receptor 1'1l'lt1m'Jiiuci''lfl1'JV1.1''lf!il'J't:wt1a1J'!fli1J iia fl'J"qt1fl1'JlUVl KATP channel iiuci''l Ca
2
' 

~ :i; 1 ' d channel il1J£i'llil\J 'IJJ.J adenylyl cyclase lla"il\J / 

bl ( i.j':. 
-- . n· ·, 1 1-11~('. -'"'<! (J . '·. 

b\ ql.t((()_';f I:(\.)<' f' 
d 

\ f ( ' 
/) I);')('•) 'i (}-(__)' \ ,", ,\ 

), \ p (' . - , I~ 

J\ 

',.\ ··1, 



/\ 

Thai J Pharmacol; Vol 22: No 3, Sep-Dec 2000. 

INTRODUCTION 

The regulation of insulin secretion is 
important for the maintenance of normal 
glucose homeostasis. Insulin secretion from 
the P-cell is influenced by ·a variety of 
stimulatory, modulatory, and inhibitory 
influences '-'. The most important stimulator 
of insulin secretion is glucose. Also, many 
hormones, neurotransmitters and autacoids can 
stimulate or inhibit insulin secretion. 
Therefore, insulin secretion is thought to be 
regulated by the autonomic nervous system, 
nutrients, and peptide hormones 3

-4. Glucagon, 
glucagon-like peptide (GLP}, acetylcholine 
and adrenergic input through the P-adrenergic 
receptor stimulate insulin secretion; whereas 
somatostatin, epinephrine/norepinephrine 
(acting predominantly through the a,­
adrenergic receptor in the islet), PGE2, 

pancreastatin, peptide YY, calcitonin gene­
re lated peptide and galanin reduce or 
completely block insulin secretion. The 
autonomic nervous system, therefore, has both 
positive and negative roles in the regulation of 
insulin secretion from P-cells. All of these 
agonists induce or reduce insulin secretion 
through mechanisms dependent on GTP 
binding proteins (G proteins). Various 
inhibitors use multiple mechanisms at the 
cellular level to block the secretion. The 
regulation of the inhibition of insulin secretion 
is very complex'. However, some of the 
inhibitory mechanisms simply reverse the 
stimulatory mechanisms. Therefore, we should 
understand the mechanisms of the stimulation 
of insulin secretion before understanding the 
mechanisms of the inhibition of insulin 
secretion. Although the details of stimulatory 
mechanisms have not been fully known yet, 
four major pathways of the stimulation of 
insulin secretion have been defined 6

'
7

• 

MAJOR PATHWAYS FOR THE 
STIMULATION OF INSULIN 
SECRETION 

The first major pathway involves 
depolarization of the P-cell, resulting in 
increased Ca2+ influx via voltage dependent L­
type Cai+ channels (VDCC), increased 
intracellular Ca2+ concentration ([Ca2+],), and 
increased rates of exocytosis. High 
concentration of glucose causes inhibition of 
ATP-sensitive K+ (KArP) channel and then 
depolarization of the plasma membrane '·11

. 

I I ) 
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However, some agonists such as arginine may 
cause depolarization of the P-cell by the entry 
of the positively charged amino acid per se, 
stimulates Ca2+ influx through VDCC, 
increases [Ca2+); and thus triggers insulin 
release 12 without closing ofKArP channels 4

. 

The second major pathway is the 
KATP channel-independent pathway of glucose 
action or a distal effect. This pathway is so 
called a distal effect because glucose exerts its 
effect after the increase of [Ca2+), or at a step 
distal to the generation of secondary 
messengers, for example protein kinase C 
(PKC) and adenosine 3', 5'-cyclic monophos­
phate (cAMP)13

'
15

. Although it has been 
widely assumed that the rise in [Ca2+], is 
required for glucose to exert an effect, it 
appears that this is not always true. Sharp et 
al. found that the KArP channel-independent 
action of glucose stimulates insulin secretion 
by acting at a late stage of stimulus-secretion 
cou~ling without any requiring increased 
[Ca +]i or its expression16

. This Ca2
+­

independent augmentation of secretion by 
glucose has been observed in Ca2+-depleted 
pancreatic islets under Ca2

+ - free conditions 
and is elicited by simultaneous activation of 
protein kinase A (PKA) and PKC. Little is 
known about this mechanism, except that it 
requires glucose metabolism. However, the 
underlying mechanism appears to be via the 
normal process of exocytosis because it is 
completely blocked by norepinephrine. More­
over, it is clear that this glucose-activated 
pathway is KArP channel-independent because 
neither sulfonylurea (KATP channel inhibitor) 
nor diazoxide (a KArP channel activator) 
affects the glucose-induced augmentation of 
insulin release. Therefore, it seems that there 
are two possibilities for the KATP channel­
independent pathway. One is that glucose 
exerts its effect only in the presence of 
activated PKC or strongly in the presence of 
activated PKC and PKA. Hence, PKC and 
PKA would be permissive for the effect of 
glucose. Another possibility is that the 
simultaneous activation of PKC and PKA 
mimics the effect of elevated [Ca2+],. If this is 
the case, this pathway should be the same 
mechanism underlying the KATP channel­
independent effect of glucose that is thought to 
require an increase of [Ca2+],. Regardless of its 
mechanism, this glucose-activated pathway 
exerts its effect at the distal site in stimulus­
secretion coupling. In addition to this distal 
effect of glucose, other agonists have distal 
action to modulate insulin secretion, which 

' ( -1 ·l 

I 
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. d b h 117 . h . 18 d 1nclu es car ac o , ep1nep r1ne , an 
. hr. 19 norepmep me . 

The third pathway is the activation of 
phospholipase C-f3 by pertussis toxin (PTX)­
insensitive G proteins, which increases 
phosphoinositide (PI) turnover, thereby 
increases production of inositol trisphosphate 
(IP3) and diacylglycerol (DAG)4

. IP3 

mobilizes Ca2
+ from the endoplasmic 

reticulum to increase [Ca2+],' and DAG 
activates PKC, enhancing the effect on 
stimulated secretion of agonists such as 
acetylcholine and cholecystokinin. 

The fourth pathway is the activation 
of adenyl cyclase by G, , a cholera toxin­
sensitive G protein, which causes a rise in 
cAMP, and then activates PKA. The activation 
of PKA causes a small increase of [Ca2+]; and 
a large increase of insulin secretion. These 
four signaling pathways are shown in figure 1. 
There are several mechanisms for inhibition of 
stimulated insulin release as well. The 
proximal mechanisms, include activation of 
the KATP channels and consequent 
repolarization of the membrane, direct 
inhibition of L-type Cai+ channels, inhibition 
of Pl hydrolysis and DAG production, and 
inhibition of adenylyl cyclase activity. The 
last pathway is the distal effect that would 
inhibit the final common pathway in stimulus­
secretion coupling beyond the site of action of 
elevated [Ca2+]; and beyond the generation of 
secondary messengers4

. This mechanism is 
still not well understood. The inhibition of 
insulin release by norepinephrine, soma­
tostatin, galanin and prostaglandins is blocked 
by treatment with PTX, suggesting that this 
effect is mediated by PTX-sensitive G protein­
linked receptors. 

PARASYMPATHETIC REGULATION OF 
INSULIN SECRETION 

Islets of Langerhans are innervated by 
parasympathetic and sympathetic nervous 
systems. It is clear that autonomic activity has 
an important modulating effect on the insulin 
secretion. Stimulation of vagal nerve fibers or 
the administration of acetylcholine enhances 
insulin secretion from pancreatic f3-cells. 
These effects are abolished by atropine, 
suggesting that they are mediated by 
muscarinic receptors. In addition, the slight 
but significant impairment of glucose-induced 
insulin secretion has been observed after 
vagotomy in the fasted rat 20

• The sight, smell 
and taste of food can stimulate insulin 
secretion through activation of parasympa-
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thetic and inhibition of sympathetic nervous 
system 21

. 

The subtypes of muscarinic receptor 
in pancreatic islets is M3 

22
• Activation of 

muscarinic receptors couples to Gq11 i, a PTX­
insensitive G protein, which stimulates 
phospholipase C-f3. The activation of PKC 
may potentiate the stimulation of insulin 
secretion by sensitizing the secretory apparatus 
to Ca2

+. It is clear that muscarinic receptor 
activation stimulates insulin secretion by the 
combined effects of activated phospholipase 
C-f3 to increase DAG and to mobilize Ca2

+. 

Since inhibition of PKC reduces or abolishes 
muscarinic effect on insulin secretion in islet 
f3-cells ""' and in clonal hamster f3-cell line 
(HIT) 25

• The elevation of [Cai+]; and 
activation of PKC act in synergy to bring about 
the full physiological response of f3-cells to 
muscarinic activation. However, Sharp et al. 
found that activation of muscarinic receptors 
of an insulin secreting clonal f3-cell line 
(RlNm5F) stimulated insulin secretion by the 
mechanism that was independent of the rise in 
[Cai+]; and independent of the activation of 
PKC. This suggested that the stimulation of 
insulin secretion by muscarinic activation in 
these cells is also exerted at the distal stage in 
stimulus-secretion coupling, a stage that is 
· · fc'+l" mdependent of a rise o [ a ; . 

SYMPATHETIC REGULATION OF 
INSULIN SECRETION 

The sympathetic nervous system 
plays both positive and negative roles in the 
regulation of insulin secretion. Both a- and f3-
adrenergic receptors have been demonstrated 
in pancreatic islets. Activation of f3,­
adrenergic receptors enhances insulin 
secretion, whereas activation of a.2-adrenergic 
receptors inhibits insulin secretion. For f3,­
adrenergic receptors, activation of these 
receptors couples to G., a cholera toxin­
sensitive G protein, stimulates adenylyl 
cyclase, thus causing an increase in cAMP and 
activation of PKA. The activated PKA causes 
a small augmentation of [Cai+]; and a large 
increase of insulin secretion 4

. Epinephrine and 
norepinephrine have important influences on 
metabolic processes. They decrease the uptake 
of glucose by peripheral tissues because of the 
effect on insulin secretion. Stimulation of the 
sympathetic nervous system attenuates insulin 
secretion from P-cells, unless a.2-adrenergic 
receptors in the pancreas are blocked. Also,a,­
adrenergic receptor antagonists alone on both 
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Figure 1. Four major pathways involved in stimulation of insulin release. Shawn is KATP channel­
dependent pathway in which increased blood glucose concentrations and consequent increased !'-cell 
metabolism result in a change in intracellular ATP to ADP ratio. This is thought to be a contributory 
factor in closure of ATP-dependent K+ channels, depolarization of !'-cell membrane, and increased L­
type channel activity. Increased channel activity and increased Ca2+ influx result in increased 
intracellular Ca2+ and stimulated insulin release. Also shown is important KATP channel-independent 
pathway that augments Ca2+-stimulated insulin release of KATP channel-dependent pathway. Major 
potentiation of release results from hormonal and peptidergic activation of receptors positively linked 
to adenylyl cyclase, for example, vasoactive intestinal peptide (VIP), pituitary adenylyl cyclase­
activating peptide (PACAP), and glucagon-like peptide 1 (GLP-1). Occupation of these receptors by 
the hormones results in activation of the enzyme, increased cAMP levels, and potentiation ofrelease by 
2 mechanisms. These are activation of protein kinase A (PKA) and phosphorylation of the L-type Ca2+ 
channel to increase Ca2+ entry and phosphorylation at an as yet unknown distal site in stimulus­
secretion coupling to enhance stimulated release. A second potentiating mechanism is due to activation 
of receptors linked to phospholipase C, increased phosphoinositide hydrolysis, and increased 
production of inositol triphosphate (IP3) and diacylglycerol (DAG). As is the case for adenylyl 
cyclase stimulation, the 2 products of phospholipase C activity result in increased [Ca2+]; and 
potentiation of insulin release by protein kinase C (PKC) activation and phosphorylation of another as 
yet unknown distal site in stimulus secretion coupling (Modified from Sharp GWG, 1996). 
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a-and ~-adrenoceptors, but the increase insulin 
secretion. Catecholamines act predominant 
effect seen with epinephrine and 
norepinephrine on insulin secretion is 
inhibition. This effect has been found both in 
perfused pancreas and in isolated islets of 
Langerhans, suggesting that circulating levels 
of epinephrine or norepinephrine from 
sympathetic nerve terminals play an important 
role in the physiological regulation of insulin 

. 19 Th . secretion . ese agon1sts act on a2 -

adrenergic receptor in P-cells, coupled to 
G/G,, PTX-sensitive G proteins, leading to 
inhibition of insulin secretion via many 
mechanisms that are described as follows 5

. 

KATP CHANNEL ACTIVATION 

One a 2-adrenergic mechanism is to 
decrease the P-cell membrane potential. The a 
2-adrenergic agonists activate the KATP channel, 
hyperporalize the membrane, and thus inhibit 
the insulin secretion and also inhibit the action 
of all secretagogues that act to depolarize the 
P-cell via the inhibition of this channel'. 
However, the effect of these inhibitors via this 
mechanism is frequently not of great 
magnitude and is often transient, and fails to 
completely reverse the depolarizing effect of 
glucose26

'
27

. Therefore, the -significance of a 2-

adrenergic receptor mediated membrane 
repolarization in P-cells for the inhibition of 
insulin secretion is still unclear. 

CAH CHANNEL INHIBITION 

The second action of a,-adrenergic 
agonists is the direct inhibition of voltage­
dependent L-type Ca2

+ channels. a,-adrenergic 
agonists also inhibit the effect of all 
secretagogues that act to stimulate Ca2

+ influx 
through VDCC by closing KATP channels. 

INHIBITION OF ADENYLYL CYCLASE 

The third mechanism of norepine­
phrine/epinephrine is to inhibit the activity of 
adenylyl cyclase, thereby reducing cAMP 
levels in the pancreatic ~-cells 28 · 29 , 
consequently inhibiting insulin secretion. The 
action of these inhibitors also decreases the 
effect of other secretagogues, for example 
glucagon and glucose, that stimulate insulin 
secretion via activation of adenylyl cyclase'°. 
Inhibition of exocytosis in electrically 
permeabilized islets bathed with high 
concentration of Ca2+, norepinephrine inhibited 
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Ca2+-induced insulin secretion with similar 
efficacy to that of the inhibition of glucose­
induced insulin secretion from intact islets 18

,
19

. 

This inhibition of Ca2
+ -induced insulin secre­

tion from permeabilized islets was blocked by 
the a,-adrenergic blocker, yohimbine, but was 
not reversed by cyclic AMP ( cAMP). 
Moreover, Ca2

+ -independent stimulation of 
insulin secretion by glucose, mediated via 
distal sites, was totally blocked by 
norepinephrine. It is likely that the inhibitory 
action of the a 2-adrenergic agonist occurs late 
in stimulus-secretion coupling, for example, 
after the elevation of [Ca2+]; or after the 
generation of seconda1y messengers and is 
referred to as the distal or late effect. This 
distal inhibitory action is mediated via PTX­
sensitive G proteins, G/G0 . 

Because of little information about 
the nature of the distal inhibitory effect, little is 
known about the mechanism involved in the 
late stages of stimulus-secretion coupling and 
exocytosis. However, by using the information 
gained in yeast and neuronal system as the 
basis for studies on the pancreatic exocytosis, 
it is now possible to see an outline of the distal 
steps as followings. 
I. After activation of P-cells, the granules 
translocate to the plasma membrane. 
2. After translocation, the granules must 
dock. 
3. The granules are then primed. 
4. The granule membrane fuses with the 
plasma membrane and exocytosis. 

After the fourth step, the endocytosis 
must follow exocytosis to complete the cycle 
and allow exocytosis to occur again for lengthy 
periods. Nevertheless, there is the evidence 
supporting that exocytosis in the P-cell is 
analogous to that in the yeast and in the 
neuronal synapse, and that will be consistent 
with synaptosome-associated protein (SNAP) 
receptor (SNARE) hypothesis' 1-"- The 
complex of vesicle-associated membrane 
protein (VAMP; also called synaptobrevin}, 
syntaxin, and SNAP-25 (synaptosome­
associated protein of relative molecular weight 
25,000) is the receptor for SNAP, the soluble 
N-ethylmaleimide-sensitive factor (NSF) 
attachment protein. The translocation step 
appears to involve low-molecular weight G 
proteins of the Rab family. Docking involves 
formation of a core complex including 
syntaxin and SNAP-25 from the plasma 
membrane, the target (t)-SNARE, and a 
VAMP/synaptobrevin, the vesicle (v)-SNARE. 
Synaptotagmin on the granule is a Ca2+ sensor 
related in priming-fusion process. Finally, the 
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Figure 2. Scheme for distal steps in stimulus-secretion coupling and exocytosis in pancreatic P-cell. 
Shown are some of the components necessary for exocytosis and events that are thought to occur 
during final stages of stimulus secretion coupling and exocytosis. In basal or resting state (A, left) a 
secretory granule (SG) is shown in apposition to P-cell plasma membrane (PM). Some of the 
components necessary for exocytosis, which have been identified in the P-cell, are shown. After 
translocation to the PM, a process that may involve the Rab3 OTP-binding proteins, vesicle-associated 
membrane protein (V AMP)/synaptobrevin (the v-SNARE) in the granule membrane can bind to 
syntaxin and synaptosome-associated protein of relative mol. Wt. 25,000 (SNAP-2~; the 2 making up 
the t-SNARE) in the plasma membrane (B). As the mammalian homologue of the Caenorhabditis 
elegans unc-18 gene (Munc 18) inhibits the binding of the v- and !-SNARE, binding or docking 
requires the prior dissociation of Munc 18. Synaptotagmin association with the complex is also 
thought to be inhibitory, and dissociation of synaptotagmin from the complex is necessary so the 
system can be "primed". Subsequently, N-ethylrnaleimide-sensitive factor (NSF) and soluble NSF 
attachment protein (SNAP) complete the formation of the fusion complex (C), which leads finally to 
exocytosis (D). (Modified from Sharp GWG, 1996). 
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completed core complex associates with NSF, 
SNAP, and perhaps other players to promote 
fusion and exocytosis. 

The above information and figure 2 
provide the document for illustrating the 
potential sites for the distal inhibitory effect. 
For instance, Munc 18 inhibits the binding of 
syntax and SNAP-25, so that the inhibitor may 
act to prevent the dissociation of Munc 18 at 
the docking stage. In addition, syuaptotagmin 
is bound to V AMP/-synaptobrevin and inhibits 
its action on the SNAP-25 and syntaxin 
complex. Therefore, any inhibitor that acts to 
prevent the dissociation of synaptotagmin from 
this complex would inhibit exocytosis. 
However, there are many potential targets for 
inhibitor's action at this stage, so that further 
studies in this area are warranted 4

• 

OTHER POSSIBLE MECHANISMS 

Norepinephrine and epinephrine may 
inhibit insulin secretion from the pancreatic P­
cells via other possible mechanisms, such as 
inhibition of glucose metabolism, activation of 
sulfonylurea-insensitive low-conductance K+ 
channels, inhibition of fatty acid metabolism, 
elevation 
phosphate 
content4

. 

of guanosine 3',5'-cyclic mono­
( cGMP) and increase in F-actin 
Actin microfilaments inhibit the 

access of secretory granules to the plasma 
membrane before exocytosis. Norepinephrine 
increases F-actin contents, thereby causing the 
exocytosis more difficult to occur. 

In addition, epinephrine may have an 
inhibitory action on insulin synthesis. Zhang et 
al found that epinephrine not only decreased 
insulin secretion but also decreased levels of 
insulin mRNA and intracellular insulin content 
and this effect was prevented by PTX 34

• Also, 
another study found that epinephrine inhibited 
HIT-Tl 5 cell expressions of a reporter gene 
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ABSTRACT 
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Most common problems associated with hereditary hair loss are androgenetic alopecia and 
alopecia areata both of which can be reversed if treated early and correctly. Among other therapeutic 
agents finasteride and minoxidil are two drugs that have been approved by U.S. FDA. for current 
treatment of such conditions. Although their mechanisms of action differ, both drugs are shown to be 
clinically proven with additive effect when used in combination. Future success in treatment of hair 
loss would require continuing research to develop new therapeutic approaches or judicious use of some 
otherwise existing drugs with other clinical indications. 
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1~'il1fll'>L'il'l'IJL1iiu t\il'll a~ LauN:w LL ti~ 

1vi'Li'Ju 3 1~u~ Afl '>~U~fll'>L'il'l'IJLiiiul\il 

(anagen) 1'1l'nmtJ-,~mru 2-6 ti 1~u~ 

'ii'Vll'Ulfll'l (catagen) 1'1l'nmtJ1~mru 2-

3 atJ\ill'fi' LL<l~1~U~'l1~\ilfl11L'il'l'IJLliiU t\il 

'l'l~flWfl (telogen) 1'1l'na1tJ1~mru 2-3 
di 'll ' v 

L\ilflU \ill:i.J\il1Ufl11'11<1\il11~'llfl~WUN:W LL<!~ 
' 

L~:i.JlllU1~'i11 L mJ fllfl11N:Wi1~Ln\il'illflUfl11 
.J "l .J ""' .,, 

1Ufl1U'l'l1~U~ b\il1~U~'l1U~'ll fl~fl11L'il1'1J L\il'U 

t\il'll a~ Lau N:w 1lilum;iillln5wa"1flm~ 
""' ""' di '''"'"' 1 2 a111nm'l11awmn1'l'lm · 
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1~ 'il'Jfll 1 L" 'j ru Lili 'LI L\il LL<l ~ fll 1L'll1 a 
u • 

1~u~wflv a~ Lau N:w'il~oflA1u A:w t\ilum1a~ . ' 
IV .J<V<VV 1 .1,;.,J""' 

N1 U'll fl :w <l'l'l aa U'll'U'll flu.,~ '1111~'llU LU fl'U N1 . ' 
:; <V v .J ""1'£'1 ;d '111 ~ ~~ 

LL'1~'l1Ul1U~LL'l'l '1MU~ :i.JLuU'l'IL'lll 'ilflU\ilUfl 

t\ilutJniii1 umr~~hi;~va~Au~11 tJ "~ii Lau 

N:W at/1 u1~u~m1L'i!'lruLiiiu t\iltJ1~m ruf au 
• u 

a~ 90-95 atl1u1~u~'ii'Vllmm1tJ-,~mru • 
v • v v .d di • 

UflUfl111flU<I~ 1 Lb<ln<IUN:W'l'IL'l'l<lfl'il~flU • 
1 u1~u~'l1U\ilfl11L'il'lruLliiu L\il'l'l~flwfl tJ1~-

' u 
'V .J v ,:; 

mru1aua~ 5-10 LL<1~L:wmv1avu\ilflU<l\il . ' 
ll1U'llfl~1~U~Wfl N:W'il~'l1<1\il~1~flflfl 1 ULL<I~ 

' 
:i:i fll'>L'il'lru Lliiu t\ilti a~ Lau N:W L'll1a1~<i1 L l1i.i 

u • 

Ilia 1tJ :i:i-,1u~1ui11mLllia~1mauN:w:i.J1fl 

fli1 1 oo Lau<i~atl1u1~u~wmm~:i:im1 
• 

'11~\ili1~ fl fl fl 1 tJ LL<l~'il~Ufl11L'l'l'IJLliiU t\il 
V .J 1Vo .J, 

'l'l \il LL 'l'IU L<IU N:W'l'l'l'l <I \il'J1~ \ii 1U'il1U11.J'l'l L 'I'll 
' nu L\ilUL~:W1~'il1fl11L'il'l'IJ Lliiu L\il'll fl~ LaUN:W 
' ""' v •"l 

'J~U~L1'11'1'1L<IUN:i.JflU b'U'J~U~fl11 Ll1i.i • 
L'l'l'IJ Lliiu t\il 'il~L i'Ju~1n1'11u\ilm1:wm1va~ 

1au N:i.J LLa~tJ'lm\il1va~11fl Nm i'J u~1 
0 v • .. ..... 

fl1'11U\iltl'U1 \il WU Nl AUU nm~ 'UU'l1U~ • 
~ d, 1m I "" ' .d v 
A11'1~'ll fl~ AU '1'11 u'l~lJ \ii fl lJ N :W'l'll\11 fl lJ'l~ 

L<i'l'IJ Lliiu t\il L i'JmauN:wtJ1~aJ1ru i oo, ooo 

\lia:w ~~'iln<i'l'IJLliiu t\il 1'111auNaJ~m1Lm~ 
I I d' .,J .o, .d ,t o 

'l'l'Ul '11U\ilfllJ'llUflU 'l 'l'l'U1L1tlJflU'Yl111~ 

fl1U'l~Li'llu~~:i:itl'fl1'!()J~~u Laum~ 1 LL<l~ 
a1i.1 L'll:w Iii a:w N:wmm101\iltul1~m~fla~ 
1\ll tu nu B n5wa~~ Lill'll ~~ LL'1~~1i1~ fl1 fl 
J • IJ • I ~ 
'l'l aim 1() L u<I U'ULL u <1~1~1'! ~ L 1m fl11L'l'l'IJ 

Lliiu t\il'lla~1auNaJ Lw~tJ'lm\il1va~J1 
mim~u~11flN:W 1lflTilJU~L'll1m:i:iu'l'l'Ul'l'l 
LL a~ :i:i an5w a a1l'i''!!1 u m1A1u11 :w m1L <i'l'IJ 

Lliiu t\il'llfl~ LauN:w A a llflTI:WULLflU llil'lL'lU 
dv'""' L .,. 

L:wfll'lll<l1U'l1U:W'111 LtflU \il1L'lU'l~'Vl1 b'l'l . ' 
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'IJ'W1\il?J<MeifllJ'IJ'WU::iL1tl!Lff:il Vltl'lBfl ll<'ll: 

'Ill 1 my~'W Lll.'ll:lll 1'1i"IJ'W1\il'IJB~eiBlJ'IJ'W~1 
. 1., .jq w 1 . 
11~ fll U 'l'l 'IJ ti 'YI lJ <I fl 1'1tl!:: l'l'l lJl:; <llJ ti U\il <1:: 

4 3 
U'll1tl! 

1::uueif1:1J 1 fviaV15BE'lfl'lLlJ'W LL<i::U'il~U'Yll~ 

iii'1t1fl1::u1tifll1L~fllJVI5 fl?Vil ill W'IJ fl~ -J1~ 
fllu U'il~uli'~ 3 ilm1mfiu1'1la~nu Tw1 

N :1J'i1~ 'Yll~ .Wu !!fl 111.J ~ w u lJl fl L i'l u au lilu • 
LL 1flLL<l::L iJ 'WU ru '1'11~'1111lfWU1UlJ1WU 

u -

-~ LLW'YJUAB androgenetic alopecia 1B~<l~lJ1 

Afl alopecia areata 

Androgenetic alopecia LlJ'W hA'W't1q 
.J.:.1 tJ .J .J 0 

fl 11lJ'YllJ f111Ul~'IJ B~ l<l'WNlJ'Yl i1 fl L 'l'l'WU1'W1 -
L\ilU E'IB1LlJ'W LLB'W L\ilWil'W llfl1'1tl!::f111U1~ 

'IJfl~La'lJNlJ'il::L~lJ~ .. :meim~ 12-40 tJ WU 

l!ii'li'~ 2 LWfl LL<i::fflmJ:: 50 'il::LL<f\il~ 
llfl1'1tl!::'Yll~W'W!!fl111.Jifriflt1mu 50 tJ • • 
e:r ei1LlJ'WLLBt1 L\il1L'il'WL i'l ulil1fl1::1lf t11 li'ei eJlJ 

1 4.Jl. ~ Q" 
NlJ 'WU1l1tl!'Yl 1\ileJUB'Wb\ilWil'Wl.J'IJ'Wl\ilLGlfl 

u<1::'1111 li'?J'1~1::EJ::f111 L'il::it]J L~U L\ll'IJ B~ Lat! 

N IJ~'W GI~ '1111 li'La'lJNlJ~N~\ll'illflei BlJNlJ 

~'WLLGI ::u1~ .r f]'ij()J:; Lat! N lJ~liii''il::il 1111 lJ 

U11 Ll<i::'IJ'IJ1 \il Lau i;J10u u fl Gil~ ei1~rr u t \llu -.do I I I .J' Jcv I .c>. 

'Yl'ill'W1 ti \ll B lJ N lJ \ll B 'l'l'W1 El W'W'Yl El~ A~ L 'Yll L\il lJ 

u ::i L 1ru'l'IU~011'1::~ rl'1ww:: hi rl'1t1ilA11 :1J 

LL\llfl ei1~nt11 t11::lilu'IJ B~ LB'W h:iJ 5-alpha 

reductase (LB ti 1 'lf :iJ~ld'l'tl ~ El'W <f B1LlJ'W 

testosterone 1 li'L \'Ju dihydrotestosterone 

Srisombat Nawanopparatsakul 

.J ~· w " 1 d ~. 'lf~Lu'W\ll1f1Bfl()'Yl!!) 'WAtl'YlLu'W andro-
• . . "" """ "" genetic alopecta 'YI~ L Wfl'lflUU<l::'l'lt]j~'il::lJ 

1::\ilrnau l'lf:iJ 5-alpha reductase <I~ il\il1 -
-lu'IJ a~ u au L\il1 L 'il'W lJl fl UGI ::1:: lilu LB'W 1 'lf:t1 

cytochrome P450 aromatase ~1 (LBt1h:t1 

~1-il'Lti~EJ'W testosterone 1li'Li'l'W estradiol) 

1u androgenetic alopecia liJilm1\lllEl'IJfl~ 

ei BlJNl.J ~~L i'lum1::~<1llJ11i1NtlflllU liii''-0 

Alopecia areata dJ ti hA'Yll~ 
autoimmune WU 1 ut11::'lflfl1'1Jfl~ti'l::l'Ylfl 

<1V1-l;im:1J::im fau<i:: 2 il~~LLeiLllutl'au 1 

(-i1~L U'W'l'lti BlJflGllJ) 'il'Wn->::~~~1~li'~A'l1'1:: 
(alopecia totalis) V15B~1~li'~A11'1::LL<1::~1 
~1~f11EI (alopecia universalis) WU liii'Yjfl 

L W fl'Ylfll EILLGI:: 'YI fll ?)B'lfl ~3 
h A~ eJl'il 1 ll • • 

w • Q 

Glfl1'1tl!::Amu androgenetic alopecia Bfl 
'l d.:ll . 3.J,,. 
L'lA'l'lmAB telogen effluvmm 'lf~Lfl\ilNlJ 

' • .ell • 
'l1~'illflil11::'Yl1~ systemic 'l'l'rn metabolic 

L?J''W hA'IJeJ~eieJlJllEl1BU~ 'illflUl f111'1J1\il 

m1mm1 V15ei'illfl 1'11 '1111li'ilm1Ltl~uu 
LL tJ Gl~'IJ el~ el \ll11<f1 'W'IJ fl~ L<f 'W N lJ 1:; El:; fll 1 

L'il::itJJL~u L\lleiei1::EJ::wfl L\ilmau NlJ 1 u1::EJ:: 

m 1 L 'i!::ltJJ L~ u L\ll GI \il GI~ LLGI:: La t1N"1u1:: El:: . . . 
-W n L VJ JJ~t.1 B wi dl '111.1t1 a~ Lr.f t.t i:.J a.11'1~ at1~ 

1::E1::<1\llG1~ u<1::a\ll11\jtJJ L1lmau Nm1::L vllJ 

~wuutl1::mru 300 Lat1eif11u 

<V .:Jocv.J .ell """"""" 
fll 11fl1'11 'Yl <fl A t]J 'YI~ \il A eJ fl111'W'il U El 

Tw1~tlflt'i'ei~ ~~'111 l\ll'1i1E11fl ~u1EJ:irflm - -a' .... d ' 
W ULL W'YlU L W 11::<1~ Lfl\ll L 'l'l'W11 N lJUl~ <I~ 

llfl1'1tlJ::Lat1NlJ'il::UeJfl l!ii'?J\ilL'il'W Bal~ hn 
\llllJ 1 u wtl1E1u1~11EJ m'il'lil'ilil'EJ 11il'1i141u -

.J d 
LWI androgenetic alopecia 'illfl.f111::B'W'Yl 

Bl'il1li'<l'fl1'1tl!::Arl'1mi'u Afl telogen efflu-
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vium u<i:::: alopecia areata 11ii' LlilU 

androgenetic alopecia 'il::::Lilufi'n-i;w::::m-, 

rn~'ll<l~ Lil'u wm>iw1::::Ltufllillmw0 rl'1t uu 

LWl'l'lllU 'il::::1i Hamilton/Norwood 

classification 1mw!'1Vltj)~ 1il' Ludwig 

classification fl11.-i1 L ilu lrn L U'U:!Jlflduii 

<i::::ueiu ti\'w.milfi'mJru::::rn~ mt1~L~muu 
• 

lT fl L ti u'li1~i't1L'il~ru~u5 V1"1flV1fi'~'il1mf u 
u • 

Llilt1..t1 h.Jwum.J~1~ hil.Jlfl fl'tl1t1'il:::: him • 

di ..... ~ 'll v "-' d 
l.Jfl'illJLW::::lil'IW'WWlJ W'WWl.Jl.JflVl'11iltllfl 'M • 
~1'1\llfl telogen effluvium ~fl'tl1t1\l::::l.J1V11 

• • i1 . • .i,.~ 
lil1U f;\JVl1!W11'1\ll'W1'Wl.Jlfl LW::::Ll.Jfl b'lll.Jfl 
<V .:"'1 V IV I T 

\llJLL<i::::lil~W'WWlJ W'WWlJ\l::::Vl<llil~ltl <f1'W • 
QW V 

alopecia areata \l::::l.J'1fl1"'ru::::fl'11tl '1 

androgenetic alopecia t1rn1uwl.JlJfl~1~LUU 
1 ~IQ .J6JV.<!.f<V ~ 

Vltlfll.J '] LL<i::::Lu\JL11 Ll.Jfl t'lll.JflillJLW::::lil'I 

til'UWl.Jil::::Vl<ilil~ltl Uflfl'illfldvuri1u~u 1 u • 

Lvhifu NU1tlV1'11tlflU<llilil androgenetic • 
alopecia ~1l.JfllJ alopecia areata llil"'-

11 

m1f fl 1"'1wlJ~1'1 L ~ lJ .f 'I LL'1U fl .1'1. 

1965 Llilt1ilm11il' testosterone 'Y11LuW1::::~ 
L \rj m ~'I m1 L il~t\J t&lu Llil'll fl~ til'uwl.J il'W 

m::::..t'l1u'li1'1tl fl.11. 19so il11t1'!1um1 

w u fll m 1v u lil fl 1urJtl1 t1 ~ '.iu th:::: 'Yll U 
• 

.Jw ;- w;-4 
minoxidil L W fl1fl1"'1 b 'jfl fl11 l.Jlil'Wb'1Vllil<f'I • 
Lw::::ilm1~~'W1 minoxidil L.yjfl h'1um1 

d'!fl11Lil~tyt&lu Llil'll fl'! Lil''Wwl.J ilm11l1m1 

VI ill ti iii'1 l.J1liL\rjflfo1"'1fllfll'>WlJ~1'1 L 'liu 

v ipro s to! 1 u ':IU LL u lJ ti 1 LL tl:::: i11 mT'I, • 
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diazoxide lU'JUUlJlJtll'Y11LuW1::::~, tlllU • 
fltjl.J antiandrogen ~1"li'LLlJlJ'Y11Luw1::::~ t'liu 

citeronel, estrogen LL<i:::: omexin wui1<111 

lJl'I iii'11J.i l'.f tJ ':I dh1 fi .fll W l U fll 'Jf fl 1"'1 L °liu 

V .c>i 1112 -"'I S I 

<llfl11'lll~Lfltl'I ' l.Jfl11~Jfl1"'1Vl'11tlfltll'I 

11l.Ji'I wlllililru'li'm~al.Ju 1 w1 n;;i:::: fa~u 
• 

.J.tj !ll .tj • • 

'Yll.Jtlllil1U~'1'll'W (plfoctone olamme m1:::: 

) •QVoW1"tl"'4 triclosan LLlillJ'llfl\llfllil 'WL'Jfl'I 1::::<i'Y15 

mw u flfl'illflfl111il'm 1 um1f flm EJ'lil 
,J ~ • 

Lfl'j fl'll.J fl'Yll~fll tl.fll W L 'llU electricho-

genesis scalp tension relaxers ~~ilm11l1 
m1ifo1"'1Wl.J~1'1 fll'jU'1flWlJ WlJlllJ • 
tl1::::i.'l'Ylfimw~ LL~il::::flfl'il1nlillii'1t1l"i11il''11t1 • 
LL<i::::fl11l.J hJa::::mfl<fU1t1~1'1 '1 mh'l l 1f\~ 

Lil 1VIl.JltlVIflfl1 u fl1 'jf fl1"'1 w l.J-:i1~ Llil ti 

, I I 'll 11,12 
d1hydrotestosterone lilfllilfllJL<lUWlJ 

l Ufl11fo1"'1 L 'jfl Wl.J~1'1'Yll~~U5m'll.J • 
'llillil androgenetic alopecia Ju LU1Vll.Jll'J 

v fl'I m 1f fl ""1 A fl L vi lJ m1tl fl fl <i l.J'll fl'! tau w lJ • 
<V ,.,,_ <:!! 'll .d'"" 

lJUVIU~l'111"'::::W:l::::l'Jlil flltl'll fl'! L<f'WWlJ tll'Yll.J • 
f]'Y1Blum1ffl1"'lil 2 fltjl.J Afl fltjl.J~i1w<i 
tlf u L tl ~ti u 1:::: iii' lJ <I fl 11l.Ju (hormone 

modifier) ~'l<lllJ11flLLU'l 11ii'LUU
3 

i. 1'11 ~fl fl m 1'Y1ie.i1u'Yll'I<1fl11l.Ju 

LL flu Llil 'j L\JU ~'I ir'I <fl l.Jl 'j fl LL U'I ti fl ti lill l.J 

floi lflfll'jflflflfJ'YlBllii'Luu 

i.1 flflflq'Y1BuuB~~Lflu1'lll1 5-

alpha reductase iii'1flal'lt11~il'll1t11u 
U\l\JUU A fl finasteride • 

,,(OJ ,1: .Jcv ,,_. 
1.2 flflflf]'Y151'JlJtl~'Yllil11lJ'llfl'I 

<lfl'lllJ'WLLflU Llil1t'ilu iii'1fla1'lm~ilv1I'! 1 u 

U\l~UU A fl cyproterone acetate LLOl:::: 
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spironolactone 

2. m~ ei a nq"11llr.i11.1m.,:i1rn-:;1l.Ju 

Leia Llll"JL'ilu Tlill'lV1'1nm-:;u<\'1ml.ITrn'il~ 1"1l' 

1V11V111m'il 1"1i'L\'Jummvn~~Vl~ei 1 i1'L'li11tJ1u 

~1'1f111J umtl''I li.iih111'1l1Ji11vi'i;rn?i1um-:; 

fn1o11 

m ~ n n ~ l.IVl~'I A ei m~ ei ei n q l1 llhw 

liJ r-J11.1m'!-:;~uumeil.I lh.iei 'il~ il <Jnql1ll1vw 

1 tltHrn tl~uum11nm-:;lll <Juau il'!l11'1~1J 
L~11ni1 biologic response modifier Lvm 

ill'il il il f) !]Vlll L ~'I f11"J L'il'.lty L~U Llll'lJ il'I L '1f<Hl 

il ilf1!]"11llLVJ1Jf11-:i'lJ£111JVli'lil!il L~ 8\il L ~'lf11"J 
.,. • • .:!iE .{,J 'II 

Lf11il ang10genes1s Vl"Jilililf11]"11i'iLf11J1'1Jil'I 

• .J~ 1·· ' nu AMP modifier £11l1l.lf11-:i 'lff1U8£11'1 

LLW~Vli'l11J 1 UU'il'ilUUAil minoxidil • 

"'Q. ' 'II "" ""' ""' .,.. ,,... Ai'IUf1AflU'lJ1'1'lflllL'il1Jl.JLW1J'I 2 'lJU!il Ail 

finasteride Lti'I~ minoxidil 1 UUl11'111l.Jtl~'! 

FINASTERIDE 

t\'Jum1uncil.I 4-azasteroid ;il'Vll'I • 
b~iJ~a 4-aza-androst-l-ene-17-

carboxamide,N-(1, l -dimethylethyl)-3-

0XO ( 5a, 1 7) t~l.I 1ilum-:;fn1o11 hAmill.I 

~f1VllJ1f1 Liil (benign prostatic hyperplasia, 

BPH) ililf1ql1lltl'uff'!LilU 1m1 5-alpha 
d ~ 

rednctase type 2 ('lf'IWUlJ1f1U"JL1tl!'Vl1'1 

t~uilam1~ fflm~liuwuil tLri~-:;1nNl.I) • 
• 1 • 1 ' tl.J "' "111 VI testosterone l.Jilll.11-:itll i'l!'IULulJ 

dihydrotestosterone lvi' Finasteride 'ildi.l 

~ufiulii'1fu'll il'I i'lil"JLl.IULLil"W L!il'>L'il"WLtri~ 1iJ 

'>Uf11'l.!Ni'l'llil'li'lilTil.l'l.! testosterone lii''lifu 

Srisombat Nawanopparatsakul 

~'I li.Ji'JN<1milf11"J'1{1.,:i\il1<J~'\J A11l.J!ii'il'lf11"J 

"111'1tw0 LLri~ f11 '> t 'il'.lty L~u Llll'>1 l.I li.,:im-; 

vr001u1'1Ja'ln<i'1l.ILil<Jm1.,:i 1 "J1l.Jrr'l 1""'""' 

'Vil'! androgenic, estrogenic Lli'I~ 

progestrogenic 1i.Jil Ni'lliiilf11'>fl1U~l.J'lJ il'I 

hypothalamic-pituitary-testicular axis 

L~l.J fina-

Vlmn Liil m<Jmilm.,1-1n1'11'V11'1A~unV1ri111 

f11'>i-1f1m 'ilUm~..t'l 1UL~il'l.!i5''l.!11Al.J 1997 

AU!~ f1'>"JlJf11 '> fll Vil'> Lli'I ~ 1Jl'lJ il'I '1VI f !'j 

ml.l'.lf11 1Jill.Jfu1Vl"l"li'mL~!il finasteride 1 

iiri~nfl.lm<Ji'u 1um.,fnm androgenetic 
. 1 • 12 alopec1a 'l.!f:J'lf11J 

Lrl il 1 Vll!il u m-;f utJ-:;~·vnu fina-

steride 'il~flf1!illil~h.JiJU1'1'>1!ilL~1 111'A11l.J 
u u 

L'lil.IV'W<l'l<l!il 9.2 1l.ILA'>nfl.11~11l'> mu1u 
u • 

1-2 .t1 Lm illi1?l1<1l.ll.lmH<Juri~ 80 Llilu 
u 

finasteride ~ufiuwmamLtl-:;&iu Al 

U'.Jl.Jllll'>f11'>f1'>~'il11llii'1~'>~~U1J1A'l~L~1 
flU 76 ~lll'>Lrlil111' finasteride 5 iJri~nfl.I 

.:!II <> I 'II I 

'Vll'!Vli'I il!ilLi'leJ!il!ill LLi'l~1JlilllJ1'>flN1UL"ll1'1 
u 

1 • ' 1 ' tl.J '1l.lil'I !il Finasteride <11'!.! Vlty'il~~f1L i'11J'l.! 

LLU<l'l L!ilmeiu 1'lfi1 Cytochrome P450 3A4 

~lii'u L!il11m~u1um'Jeieinfa!il-6'u 111'Ll.llll1 

uei 1m-liiei ffi-hydroxy finasteride Lti'I~ 

8'l.!W'Wtl"ll8'1 monocarboxylic acid ii'Uflilf1 
• 

m.,:itl1?1 li1A~'l1l'llll'llMf11'>"ll~!ilm ei~1 u 

i1'1 3-6 .t1Tl.i'1 Lliluilli1m~u 4.8 .t1 

Lin li1A~'l?l'llllilliJ~unu"11u1!ilm 1u~ 
u111 L 'll'l hmri~Aua.,:imu 1iJ'ii1L\'Ju!ii'<J'ltlfu 

u • 

"ll'l.!l!ilm 
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ti 11.1 l 'Hl A1.J i fl~Uf1.J?J'IJ1Ii)1.11'1'11fl1iJ 
hiw1.JB'Wlil'lfl'lm (drug interaction) ~;;/~ 

Nam fl fll 'lf fl 'tll i'Jl~ A i:\iJ fl?J fl~ digoxin, 

propranolol, aminophylline, warfarin, 

glibenclamide '1'1"ifl antipyrine d 1 • t:Wfl mn 
• I .col 1 <V 

t'l'1<111J'l11.Jfl1.J finasteride ?J'IJllil 5 
' ' 

""' "'>. ..... ' ..... "" "" ..... "" :w a a fl'l:W \ii fl1U m1 <Ml utfl 1.11 fl1.J?J1Jl lil m 'V1 

uu~ll1fifl 1 i1ai:iflf:wmfl1u llilt1mfl~1'1l'm 
""' . ..... ' .... ~ ~ ~ 
\illil\ilflfl\Jfl1.11~1Jfltl 3 Llilfl\J 'iN'il~L'l'1'WN<l 

ua~ A1'l 1'1l'&ilil \ii fl nm vi fl 1 '1'1Lol N<lfll'lf fl'tll 

<M<llil N<lfll'lffl't11~~'1'1:Wlil 1 tJ dJ fl'l-11.llil Lim . ' ' 
U'l~lJlfll 12 L~fl'IJ Tifl:W<lfll'l1'1i finasteride • 
ci1u 1'1'1aj~~L1'J u fll 'l A fl 'tll ~Yi11 m w A?Jl a 

U~ 1iJ iJ 'll !'!~1'IJfll'l1 'lff fl'tll ~ '1'1tU~~ L tJ 1J 
• v 

androgenetic alopecia Ltliim'l'l'1~f1L~tl~ 1u 
""' ,?:; ... ""I ' ,?; ... .J 

'1'1t\j~\il~A'l'lil'1'1'lflA11il11~~\il~A'l'lil L 1Jfl~ 

~iflm~Yi11M'm'lfliilm'l1\il uflfl~1fldir~ 
'W1.JA11:Wt~ti~L1Jfll'ltfllil hypospadia 1u 

. ~ . 
m1:w\il fl~fll'l'Vll~t w0alila~ fll'lU?J~m?J fl~ 

fl1t11~t wAmfl~'IJ trn~tl'lmrutl1 fl<!;;\al?l 
' 

Gi'll2,13 

il'l11.1~11Jfll'lAfl't11 lliltl Kaufman 

KD ua~Aru~ ~~Afl'tllfll'l 1'1l' finasteride 

1 u fll 'l f fl 'tll'lfl 1.1 ~ iJ U t\J '1'11N:w'i1~ Lt 1J 1J 

androgenetic alopecia lw~~1lJfll'l'Vllil<lfl~ 

1,553 All (flltl 18-41 U) N~1lJfll'j ' . 
'Vllil<lfl~ 1\ilfum finasteride 1 iJai:iflflJ 

.ifl1u'l'11fl 1tilfum'l'1aflfl 1 M'mtl'lunm 1 

tJ llilu hi'Vl'l11.J111oi'fum~'l~'l'11flm'l'1aflfl 
.,. .... ' ,J '1 

Lt<l~lJN'l1lJfll'l'Vllil<lfl~ 1, 215 'lltl'Vlfltl 1J • • 
' 1-' "' ,.,d 1 •· fll'l'Vllil<lfl~\ilfl uLu'IJu'Vl 2 lil'Vllfll'lfll'l 

U'l~ Lilu N<lfll'lf fl't11 llil1.lfll'lU1.J411nu ufo 

NlJ L1i11.1\il1N'fumrn~Lw~ITT~t1 ua~fll'l 111' • • 
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'Vllil<lfl~'W1.Jl1 finasteride ?J'IJllil 1 iJ<Ji:iflflJ 

\ii fl1u Yi1l11' il11~ N :w'l'1~ ~~u til11.1ii5fll'l 

tl'i~ LilU'Vlfl'lU LL uu ua ~ '11 lJl'ltl'lf~a fl fll'l 
' . 

l!t\J t lfo Liu N lJ tLa ~Yi 11 ML i u N lJ~ fl fl fl <Ju 

hnJ1~' 

MINOXIDIL 

F1 ..... " Lu 1J fl'lj'W1Ji5?J fl~ piperidinopyri-

midine t1flw\l!J'IJl~'W1 U'lU m futl'l~'Vll\J 
• • 

L vi fl 1 if m;iil11~A11 :w iilu fall\il a~ LLm 
• 

m fll'lTil~ LAtJ~~wu fi fl?Ju lilfl ~~ 1\ilil fll'j 

W\l!J'Wltn L vi fl 1?JL 1Jfll'jffl't11N:W'i1~ Mi­

noxidil t~:Wfll'lLUlil?Jfl~ ATP-sensitive 

potassium channel Yi1111't'lfail'?Jfl~fl<i'llJ 
J' "" .d "ii ""' LU flL 'l1.11.J'V1'1'1<1 fllilta fl\il Lfl lilil11~ hyper-

. . .... .... "" polanzatton U<l~A11lJL?JlJ?J'W?Jfl~LLAaL'lftl:W 

lwL'lfail'alila~ Yi11 M'l'1<lfllil L~fllil?Jt111.1ua~ 

alil m1lJ!ilu lall\il 11i1"'
1 

a1'1'1fufla 1flfll'jflflfl 

(]'Vlll?Jfl~ minoxidil tdfll'll'mtil'Wl~~lufll'l 
ffl'tll androgenetic alopecia Ju 5~ hJil 
fll'lAfl'tl1~a1:w1'lt1fl6u1t1fla1flfll'jflflfl 
(]'Vlll1\il fll'il~.g\ilt~\J LL\Ji Allilll Lfllil~lfl fll'j 

fl'l~mu potassium channel Yi1111''1'1a8\il 
' 

L~ fllil?J1.11tJA1 ci~Ni;Jfl'j~~\Jfll'jL~'ltyt&i1.J L\il 

?Jfl~L<l\JNlJ L ~lJL~fllil~1 tJ L~M1.J'lt1t1Hau 
,; • ' 1 

N:W LW~fll~flflfl(j'Vli5fl'l~\ll\J\ilfllJN:W U 

'j~tJ~Wfl llilti\il'l~ LLliihJ1lii'iJNa 1 M'ilm'l<l-i'l~ 
' d J' 19 21 

\ilfl:WNlJL'WlJ?J\J ' 

fll 'l lil lil~:w rJ 1u il1'l'1 lr~ ill 1.1 'l'1 <!~ fll 'j 
• 

Y111.11~'1'1U~A'l'tl~Lnlil 1\ilu flt1mfl fll'llillil~:W • 
~uilui'.1~~1.1'1'1a11.1tJ.,~m., L!iu \il1Yi1a~m1.1 
~l?J"luiil1fu u'lnru~m amw?Jfl~il1wir~ 
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~'Vil l'li'W bl'J'Wllf.J<l ihi'l!1'1'1i'lfl fllWWl~IJ 
" ' w 

lili'l'Vll!JlU 1 2% minoxidil 1u 

hydroalcoholic propylene glycol iil'i1 

u1~1J1rufaCJ'1~ 0.3-4.5 'll1l1'll'Wllil!Jl~'Vll 

fl11fl'l~'il1CJ<iJ1'!J 1l1!11Jll!JM~1'V11tJ1 hJ iirn1 
<V ' .. :; 

lil'l1'il11il1l!Jl1<!1JU'lru 'll'W stratum comeum 
" 

b U u<il1 fi lil ~'W fl11U w'l''!J1l1!11 t'l11rifl'l~LW 
" "" • .J <01 <V 

W 1l lil !J1 <l1'W'VI '1 fl lil lil'lf IJ'il~'lJU 1l 1l fl'Vl11 
" " 

i'.1 am1~ l \'Jmhu 1 mi) m~m a1viim1\j'r;y 

taCJ 1ut~i'l1v1flrn1amJar'lui'.la 11ilm~ai:l'1 
.Jw ·1•tjW 

fl1'l1 ~ rn CJ fl1 'l lL'VI 'W 'VI lill CJ i'l1 fl1 fl 'Vil M IJ'll 1l 

'illrllil 1um1 h"''·21 

m 0111:iJ w1u1~a1fi'~ li'ilil111flm11il' 

minoxidil 1u1ummmw1~~1'1ttri iJ1tti1'1 
" .Jw ~ !'I <l ~!'!' 

f.JW1'W f.J1'11lfllu'W<l~Lfllil M'lfHu'WUf.J'W 

'll .J ""'""~! 1' 
'l1l'WlilWl~'VI i'llfl1'llil1fl'1111Jfllu'WLLUU IJ 

'l'Wlb'l~ LL<i~N1iim'il~'Vl'Wliiam 1.J&i airnlil . " . 
Cf I .J "" 

'II i'l~ m 11~ m CJ LA a~ a1 u Mu~ a1'il w lil'ill fl 
;,J !"! ' • I 1 ~ w ; 

LL1l '1fl a l'f 1l'1'VI Luu a1uu1~fl au 'WN<ilililUl'l1 

U1lfl\llfl1im11riNIJU'11llJM~1l hairpiece n 
ri1w"l1J L MlOlilfll'l'l~mm&i a~ 11il1um~A'W 

'11Mfum011 l:iJ w~u1~a~ fl~ ti'ilil r'lu.,~uu 
,Z1 hu1:1~M<ia~n~aliliTu 'il~li'ilil 11il1umru~ 
1 il'm Ln 'W'll u1 lil LL'1~'illflm1~ m '1 fl lil lil~IJ lTil 

" " 
rifl'l~lWb~ alil Llil CJiii'.J11;ij'CJatiu auu 1'1ttri " . 
">. <V .di .,,. <!,! 

N1M'W~'1'11lflM11lilfl'llllil M'l1lN'1'illfl 

~I "' 21 occlusive effect Lu'WlilU 

A ru~fl 'l'llJ fll'l 111 Ml 'l LW~ CJl'll 111 

U'l~L'Vlfl<lMf1ij11L1J'.irn CJ111Jfu1M1il' mino­

xidil t1'lUCJlffl1'flWIJ~11L'WU A.fl. 1988 

Llil CJ L'lf1 'W 'lU!Jltll'V11MU1 A'l1'f~A111J LTIIJ'li'W 
" 

faui;i~ 2 ui;i~ 1utJ A.fl. 1997 11111Jfum 

tl1mMu~i-11B~m1mv1Jvu faui;i~ 5 LlilCJ 

Srisombat Nmvanopparatsaku/ 

1M'lllCJ1 u{1umu111 l1i1Llil!J l:iJ '1a~1'lf1 u~1 

ltW'VIS 'limaCJL'Wfl1'lLii minoxidil iia'1eN 

'V111ui;i~ 2 A~~ tila11'11111MU1A">1'f~LlM1 
ri a u 'V11 m 
A'lB~1' 

fllMfu t 'lAWIJ~11'V111W'Wlifl'l'llJ'lfUlil • 
alopecia areata 'il~1il'm1ufl<ilJ immuno-• 
modulator 1um1foB1 t'liu gluco-

corticoids M"ia anthralin 'l11J~1 biologic 

response modifiers ( b'li'W minoxidil) fl1'l 

f flB11lilu'llHl11~m~llf u fll'll'il"lr;y t&lu Llil'll1l1 

ta'UWIJ Lbl'i1i.i1tilu 1l~rlUfl1'l<lUJ LaCJ'lJ1l~Lil'W 
"" 

~ J' .J.J..,41v 
fl'l~'Vl'l W IJ'!JUIJl LL 'Vl'W'VI 'lf11il 111 b'lf L1'11'W1U 
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a1tJ 
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m1J"lm fu'la~1M1il'iitwCJ1 2 'lfUlil iia m 

finasteride 1u1ufutJ1~mu CJ1l1Jfu1M1ii 
" 

ffl1'fl androgenetic alopecia L'WLWfl'lfl!J 
l .1 tj 
b lil CJ fl1'l1l 1l fl (j 11 li \l ~ IJ A11 IJ Lil Wl ~ b 'ill ~\11 \]~ 

m 1l fll'ltJU~~fll'l'Vi1~1U'll 1l·1l1l'W 1'1fif 5 -

alpha reductase type 2 'V11 LM'l~<ii'U'll1l~ 
i;1 tj ,J w 

dihydrotestosterone 'Vl1 'Wl'11llilll<l~'VIM'W~ 

A'l1'1~'11il'11 ~1'11ilfll'llfllil miniaturization 

'llM bii''WWIJ 1.J ri1mn 5fl'lfUlilMrl~ii1l 
1 

V I d I 

minoxidil 'W'lU!JlUl'VlllilWl~Vi LU'W!JlVi 
" 

mm1'1L'lf'1"1~~1 m Wfl'lfl!J l WflMii)1lrn~ 
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NEW DRUGS 

HYLAN G-F 20: IN VISCOSUPPLEMENTATION OF OSTEOARTHIDTIC 
KNEES 

Supanimit Teekachunhatean, Chaichan Sangdee 

Department of Pharmacology, Faculty of Medicine, Chiang Mai University, 
Chiang Mai 50200, Thailand 

ABSTRACT 

Viscosupplementation is based on the recognition that the elastoviscosity of synovial fluid in 
osteoarthritic joints is considerably lower than in normal joints which is resulted from reductions in the 
molecular size and concentration of hyaluronan (HA) in the synovial fluid. Viscosupplementation is 
therefore performed by intra-articular injection of HA or its derivatives in order to restore the 
elastoviscosity of the synovial fluid to normal or higher level. Since the limitation in 
viscosupplementation with HA preparation, hylans (chemically cross-linked HA) were developed. 
Hylan G-F 20 (Synvisc®), the particular hylans made up of hylan A in solution and hylan B gel slurry 
(80:20 v/v), are considered to be the rather ideal elastoviscous material used in viscosupplementation 
due to tissue and blood compatibility, permeability to metabolites and macromolecules, proper 
elastoviscous properties, and prolonged residence time. The mechanisms whereby hylan G-F 20 and 
HA preparations exert their therapeutic effects in osteoarthritis are believed to be mediated via several 
pathways such as restoration of elastoviscous properties of the synovial fluid, anti-inflammatory effect 
and anti-nociceptive effects, normalization of HA synthesis, and chondroprotection. In clinical trials, 
three weekly intra-articular injections of hylan G-F 20 are more effective than intra-articular injections 
of saline or lower molecular weight HA in treatment of osteoarthritic knees. In addition, hylan G-F 20 is 
at least as effective as NSA!Ds in treating this condition, whereas the best results are found when both 
hylan G-F 20 and NSA!Ds are combined. There are no reports on systemic reactions attributable to 
hylan G-F 20 treatment, while an incidence of local reactions (transient pain and swelling) is 2.1 % per 
injection. Hylan G-F 20 is therefore indicated for the relief of pain in patients who have failed to 
respond adequately to conservative treatments and may be considered as an alternative to NSA!Ds, 
particularly in patients at risk for complications related to NSA!Ds therapy. 

Key words: Hylan G-F 20, viscosupplementation, osteoarthritic knees 
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• 
(osteoarthritic knees) 'W'Uil<ll"lU<lllJl"lO 

u '.iu 1'111 lJ'l'lil vi LL<l~l'l11lJUVIVIU 'W'll B'!J11'1J • 
'll El 1 V11mlLA!MflUUfl~ 'UBfl\lllldu<1:ihhu 

' .I • o 1 •• d 
'!111'1'1VIB1111"lu1Vl'll El LL<l~'l11 LVl'!I BLl'l<lB'lJ 

1 1 ·~d' 2 ~ • ~ 
'1'11 VIVl'!ltl fl1'H'!I hylans wrn hyaluronan 

, .I ' ~ • v d .I~ 
b'W~uLL'UU\ill'l '1 \'.lVIL'!l1'!1BLVH!u"lU~ru-

<UJU~ 'Vil'! 1111'1.lll'W'!I B'!J1 b'll Bif ·nm~l'lfl 
11 "m"lL<l~lJA11lJ'l'IUVI" 

. )' mentat10n 

( viscosupple-

~ 

Hyaluronan 'l'l"lB hyaluronic acid 

(HA) 1uum.,1mtif!ti 1 V1aj~ml'l"l<1af1-rvlu 
~l'W Lil uJ 1\ill<l llJt<llj<l~ (N -acetyl 

glucosamine Ll<l~ glucuronic acid) 

u1~mru 12,500 ~ L~l'l'lill1·1h '1 LLti~llia • 
"-' f'I d.ci ~ .u 
fl'WLu'W<lll'I polysaccharide 'l'JlJ'Wl'l'l'Wll 

llJL<lll<IU"l~lJl(lJ 4-5 <i'1u HA 1uJ11'!1'1lB • 
~ , 
<l'!Lfffl~'l'l\llll halocytes '!li'l'l synovial 

"fol V'V""' 

tissue bVll'JlJl'l11lJL'!llJ'!l'lJ<l'lO'l 2.5-4.0 • 
mg/ml '1'111'1l'mu polysaccharide '!li'l'l HA 

L~l'l'liau fi'vimiu Lrn~u.,~a1uilmllu 

11'1LL1-1 (network)'" 
d ~ d 1 ' • LIJi'l!Jfll"lLl'l<li'lU '1'11i'll'l1'1'!11 '] 

dJ) 1' d •• _, 
(1'111lJfJ\il1 LL<l~ lJ"l'lJLL':i'l LL"l'l'IWJl'WL'!ll<t • • 
'llel'J~fl"l~\l1!'1 luu"~1'1LL'VI HA ati1'1'li'11 '1'11 
6JV1 <::f ,,J ~f<V <::f 

bWJl'lLL'VI HA m1m'WB'l'l\l~u'l'Ufll"lL'l!'l'l 

1111 l3H<l fl a !iil !Jfil'l'l'll'l'!I i'l'l LL 'l'l~Nl'WL '1!1 m • 
ol'!Wti'1'11 liXJ1l'llTI'fl11-1'1 (flow) LLa~L1i1ilfll'l 
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<I.I d Q.I IV I Q.I 

flflLfl'ULL<l~1il1il'll'UbL "l'l1il'lfl <111LL 'l'l'W <l fl1'1W~ • 
1?iuif 'l'111 M'J1 bi ai1Aru<1:1Ju~u1ilMl'iu • • 
(elastic) !il'<1ift1 HA 1uJ11'!1Tifl~'lLU'WiNA 
U"l~ll au <'11 l'lru~'l'111 'Ii' J11'!1'li' all'li''l Aru-

" . 

111"iLU~mmtlti'l'llil~ hyaluronan 1u1h 1'11 

'!I fl'!I B'l'll ii~ L~il :IJ 

..,,, ,,.!'1• vd 
\l1 fl fl1'>1 L l'l 'll ~1-1 'Wl '!I'll fl \ll fl '!I fl '11 

LllfllJ (osteoarthritic joints)'-' 'WUi1m1lJ . . ~ 

L'!llJ'!l'W'!lfl'l HA <IVl<l'IL'Vl<lfl 1-3 mg/ml 
::,3,d 1 t ~I .J 
'IN'WL'!lfl11'W1\l~Lu'lJW\l\llflflT'l'l'l HA Ofl • 
L~ fl\ll'li11'1U~lJ1ruJ11 u'li' i'l~lJlfl Lii'Wt rl fl'! 
'ill n m1fi'maum fl 1 u-5 fl u fl fl\ll nil U'll'IU 

11 ii'T11irn Tm<111<1'!lfl'l HA avi<MLVl~B 1-• 
4 <i'1t1 ~" L lluwa\l1nm111lvi'1'11mu LlJL<llj<l 

..;i .,,J <::f v 
'!I i'l'l HA 'l'l'l fl i'll\l Lt! fl'l lJl\ll fl lJ fll'l <I'll'! 

HA ~~1iltln~1tl\llflL~:IJ fll"l<l1il<l'l'!lfl'l 

A11m-51J?lmm~J1V1i!n Tmanaif i1w<i<i1il • 
.cl v Cl.I • • 

lll'lL 'lfl'l'll fl 'lJ LL<l ~fll'l i'l 1il LL ti 'lJ '!I B'l 'il'l LL VI 

HA '1'11 l'11J11'!1'1lail elastoviscosity <11il<l'l 

(\ill'll'l~ 1) a'!wal'll'm11J<111J1"lOL'Wfll"l 
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m~ttl'fornY\uu elastoviscosity* '11a1tl11'11li'anu HA tl1V1un1mam1 750 ooo tm~ , , 
hylan G-F 20 (mli1tttla1\l1mamn~.r11a1V11J1ma'11 2-4, 7) 

J11'11li'a\l1m1h 1% HA tl1V1un1mana Hylan G-F 20 

(u.u.1maria 
, 

~ihuii'm1ht~a1J 7 50,000 

G' (Pa) 

G" (Pa) 

23 

7 

8 

5 

16 

9 

6,000,000) 

87 

19 

G' VllJ1Utl1 dynamic elastic (storage) modulus ttllli11fl111JS1i1Vlzj'W (elasticity) 

G "VlJJlt1i1~ viscous e]eastic (loss) modulus LUfVl~Vl11llVli1Vl (viscosity) 

*Y11i1'1au~l'J111J5 2.5 tMYI ~1t Y\uu 1vi'num~tl'l~au 1Vl11u'11ru"'i1 

"' """' ,<!;! ' Hylan G-F 20 flUflTHil'Ulfl11:H'l'l'lltilttn 

'lh hnl' i'l ( viscosupplementation) 

l d eH'ill nil 1 hi <I'll <Mi <H~i'llJ" 
elastoviscosity '11il<M iii''lifu'llirn'Jtlfll'll'lli 

.J ,Qj .,. d .::II • 

'l'l'll'l fl el fll'J lil'JlJill'J l 'WlJli111lJ1Jlil'l'IU 'I.I ll'1" , 
"" l'V d .:,I :; ' li111lJ'l'l'lllilllfl'lleJ 'IMl'JUfl<l'W 'l 11 "fll'J 

l<'f~lJfl11lJ'l'IUlil" ( viscosupplementation) 
z .% 1 4d ~ lN'W <ll'J 'WeJlillJli11il'YH'l'llJ1"'1lJli11'llJli1fl.I , , 
aJJuiliiii''li12 

1. 1iJ ri a 1 li'tii lilt.I fi ii~ u1~1iJ W'l 

tl"""'li'i'~a""uuniJ~JJn'll li1'1Slil'il'Wfila'l 1iJ - , 
vhtlfiii~mnrn'lfa<i''l'l"la 1ti'J&lu1 w~alil 

2. uaJJ1li' metabolites tta" 

macromolecules Ul'l'llUlil 'J1lJO'l ltl'J&i1J 

3 
~ 1 . . d . fl1'J'il"lJ e astov1scos1ty i'l\j'l 

'tl~d .i~·1t11·d~ m1 n\ll t1JeJ'l'il1mJJaulilt'll1 'l.l'lleJi'ltnlil 

wmiiamw ill'liii'·mci11l1fama~'iln1m~a • 
'ill'lfil1utl11'llia~l1 elastoviscosity ~1 

4. mm'Joau1uia 1fi!1Jl'W • 
fl

0

'11J'l'l'U1U1il1m'Jtl1 viscosupple-

mentation JJ11'1i'-rn1e11hli1im~<JlJLlil1l 1'!i'm'J 

~lli1'fo:w 1fil'illfl HA t'liu noninflammatory 

fraction of Na-hyaluronan (NIF-NaHA) 

~'ll1tl1m!n lmanatl""mru 2 <i'1uV1~a , 
.i~ ~ • 1 ti HA i'11J1J1'1'11Jfl m1;1na ""mru 5-7 tlilu , 

• 
mh'l 11n1i11:w wui1m1t 'l'lci1ill11i1rua:wu&i , 
lil'l'llill:Wia I u;;i" 2 tt~if'l'llllilli1fll<T:wu&i , 
1111:wia 3 ( lill':ll'l~ I) tt<l" 4 2 a~l'l hf\ 
lilllJ t0eJ'l'illfl~1JlileJ1J~Vh1vi' HA u~ai'lt , 

if ul1ri1mi11vi''ll1Jlli1 Lm;;inm~n<J'l U'il~ud , 

li11Mrn'Jt~IJ'll'l.111illm;;in;;i'lla'l HA n11ii\' , 
mn iil1m 'l'llild~'llJfll'Jllfll'lli aunw~a'liii''l , . 

nci1111ilurn'Jtl1 HA '1'1'111! 11m;;i~;;im~a 

l~eJIJtllJ (cross-linked) tvlat~:wtl1mTn 
lm<l~Glll<I" elastoviscosit/ lil<lellil'il1Jn11vi' 

ari1uia 11ii'u1u?fu• fll';jt~a:wnudn11iil 
• 

llilUfll'Jl~eJIJ hydroxyl groups 'llel'l HA 

'l'lmu 1 tJJrnn;;i 111ii'1unu Lli11J 1iJJ1m,, , 
ttl~uuutla~ 3 functional groups ~mas 
d 1 v ' 'lf'l Iii llfl N-acetyl, carboxylic ll<l" 

reducing end groups 1m;;in;;i~1fi!'illflfll'J • 
.J ,.,r,,,. .J1 '' .J""' l'llfllJlileJ1Jl'JUfl'lfeJ 'l'll.111 "hylans" 'lf'llJ 2 

'!fUlilAeJ hylan A ~tluuu'll1Nl'l'l<l1 (fluid) 

U<l" hylan B ~tltLUUl'il<l (gel) U'il~U1J 1ii\' 

JJfll'JUl hylan A nu B 1ui5'1il'Jlfl11Jlli1U 



252 

u"lmw';j so:20 mNamtlu<n'l~1'111u 

viscosupplementation L\111'11mlt1 hylan G-F 

Cs . ®)' - J' ... ~ ~ 2 0 ynv1sc <11'l'll'lJ\il'lJl.J'lJ1'11'lJfl 

1m<1flau1::mru 6 '11mb<1::i'.I elasto-• 
viscosity lil''lLb<l\11'1 llluw111-:i~ 1 'illflfll'l 

"' d ~ d 
r1f11"1Lfll'J1flU!1<11'YI hylan G-F 20 

ffllJ1'ltli'Nt1~"luit1 (residence time)" 'WU 

11 mu1u 24 .t1Ll.J'111'1'15wm1rl'Li1<lit1 
u 

' ' ' 1 ' d u L'lll'lleNm::\1111'1 ffl'l<l1'U 'ttqj'il::LA<IBU<Jll'J 

'il1ml11vimi1d synovial tissues Lrn::a1u 

~1mnm::wflat1u LL<1::Lrlm1mrJ1u 11.l I 
u 

auw111" wui1 hylans 1mh 1viern\ilu"Jmru 

<1'18EJ1'11ilu11ii''ll\il LLl1iU'1A'l'WU<IT'iil"tw1 u 

synovial tissues LL<1::a1u~1v;;nm::\ilflaf!u 
u 

'd ' 1·' .. d i1 LL\iltl.JBL1<11N1U u 1 L\ilt:IU hylans 'l'lfll'J u 
u 

'Ylflri1U'llB'lVB'il::ilfl'll~\11Bflfl'il111VB1u'ilU • u 

1fiau111J \ii t \ii EJrihiwum'la::al.J'll B'1<111rl' 

1 u d ' "' ~ U B11'J1::BU'IJ B'1'l1'1f111'J 'illflf11'lr1fl1'11\il'l 

' 1 d ""'' d fl<l111L<l\11'111 hylan G-F 20 'il'llJA1A'l'1 

:ifiw (half-life) u-:;::mru 7 1wnl'J1uifl 

ifu <111J1'l11BEJ"luifl 1!ii'mufli11rlmu~l'Ju 
u 

IVJl'JUrlU 1'% HA rii1J111uflLIJL<lfl<I 3 • 
u d i1 "1"' .... d ... Q mu 'il'lffllJl'lllBl'J U'IJB \ii b\ill'JIJA11'1'>'1'111\il 

u 

(half-life) 1Vll'J'I 12 .t1L1J'1 Lvhifu• 

1 .t - .. 
fl GI fl fll'lB B fl 'J'YI !i'IJ B'l <11'lL il'llJ 11111 lJ'l'IU\il 

1 um'>ffl1'11 T '>A'llmiialJ 

- 1 ,; Q B 5U1 l'J fl GI flfll'Jfl fl fl 'J'Ylil'IJ B'I ffl';j L<l'llJ 1'111 IJ 

.. 1"' 'ill ,.J, 1.J, 
'ttU\11 \11BU1~A'JUU1U IL\ilL'ilB11fl<I fl'YIU1 

'il::vh hfa1.,if ilu.,::a'YlilN<i 1um';jf111'11 hA 

?Jm~BIJ 1fii'LLO 

Supanimit Teekachunhatean 

1. 111-:;ufu elastoviscosity '!1B'!tl1 

1'11'1l'f! 1 'l'li.11'11~1Hnun11::ufl~ 
fll'l~\11 (aspiration) tl11viarimn 

..,.. vd4. "" .... 
L fl U B fl fl'ill fl'IJ fl'YIL<lfl IJLLGl::Q \ii <ll'll<l'JIJ 

A111J11iJwLv"1a'ia ihhutl1uufu 
u 

elastoviscosity 'llfl'11.h 1via 1!ii'.t1w.n1 a~ 
N<i 1 li'i'.1111-;ufuu.,-:i A111Ja11J1'rn 1 um-; • 

1.:J "".J o•v1u..,J' 
'l'l<I B <imL<i::~\il'ilutL "l'l'Ylm::mw B'll B '11\il'llU 

ath'l hnm1J i'.lm1fl:11mL<1\il'li1m., 1 ii' 
hylan G-F 20 B1'il1MN<lf11'lfnmhAiB 

i~BIJ 1!ii'm1u1ufli1n<11~<11'lrl'mi1 ui a' 
u 

C ~li1ia "u'l::a'l'lilNam'l111aiifl'llB'I hylan 
::: .J' .:d I I d 

G-F 20" u-;::nau) mm'l1a11u1'i1::Ltlu 

1 . .i d .... ,. 
N<llJ1'i11flfl<I fl'l11JBU "] 'Yl'il::f1<11111'1 U'llfl 

11ia1u 
.t u u 

2. q'Ylo"l::'lum-:;amau 

ij '11'1fl!ijl'U,j11.J 1'W11J' iJ' Buri <IU 'IJ 
<>. J' I ... .d4 .czl ,,( 

<1'41.JLL 1..1111 \il'Yl11 <IT'i Ll.'l'JIJl1111l.J'l11.J \ii IJ tj'Ylil 

-;::-!um-; 11mau11'1L\ilurJ11..1fl<11fl'Y11'1 mu­

n1 w LL<i:: L11 i'.I (physicochemical me-

") .J "' 1..11·· 1' chan1sm 'il'ILu"IJfl<I fl'YI l.J'il1L'W1::LLGI:: IJ 

L~u1iB'lnuna 1n'Yl1'1Lna'11i'Ylm 
10

•
12 

'il111 

"' 1 ' J' ' ' f11'lr1 fl'lfl UL 'ii<! GIL w1:: L<IU'I 'WU111.'11'J L '11 m 
,;r"" .t<V ::: 0 ... .J .J v 
1.J lJ t] 'YI ti U U U'I f11 'J'Yl1'111.J 'II B'I L 'ii<! <I 'YI Lil !11'11 B'l 

num-;amau L\ilUl.'lllJl'JllUUtY~ phago-
. 12-14 11 . . 12,15,16 cytos1s , ce m1grat10n , 

lymphocyte activation
16

' 17 
LL<!:: 

, 18 I 1 " prostaglandm release B!Jl'l 'lfllilllJ 'WU 

• .J""' !' fl.I "i" ""' 
11 HA 'YllJ"l.!1'111.Jfl LlJL<I n <11.'f'l'il::lJfflllJ 

• u 

mm·rn 1um-;uutY-:i 1!ii'mnni1 HA rii1J1 

Mun LlJL<1n<1~1 LLifi1'il::i1~11lJ'l1U\il'l1~B • 
v ill • <I.I 12 

1111 lJI 'II IJ'IJ 'WL 'Yll 111.J 
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.( v ·' 3. t]f!Li'i::'1Uu1lil 

d v tl ~ 
t]flll'i~'IU 11il?JiN<f1'iL<f":ilJli111lJ 

<:11 ~I ww.J ,,( 
'WIJ lil illl\l b u'W ~mm'! fl 11 :IJ B'W L 'W fl'1:1J11\l1f1 tj'Ylll 

<V <V J' I 1'V'il Ill 19 I 1 
'i~'1Uf11'lflf1b<fU'Ylf11ffl 1'll1'1Gl'W fltll'l 'l 

ilm1:1J '1lf1f11'lAnm1uil'mi''YllilmM wui1 

.l'v d v.I 1"' o <fl'i'Wl'M flll\l fl flf1t]'Ylll'i~'l'U u11il Iii blill'J i:.Jl'W 

m11Mh.i '] ~'10 
91 v . . 

3.1 <llilli111:1Jb'lllJ'll'W'llfl'l bradykimn 

1 d. d "' . bt<I~ prostag an m E2 '11'1bu'W pam 

mediators 1utl1 lv'1l<1?Jfl'1ti'fl~unm~l'l1ih 
'hi'amau'

0 

v " 3.2 mm-;anmnu (entrap) <fl"l 

dd d v v ·' Lfl:IJ'Ylbf11'J1'1JiMf1'Ufflll.Ju11il (pain sub-

stances) 1ilu1m<if1<1'llfl'1 HA
21 

• 
3. 3 <ilil m'iri'1 il'qJqpw'11 n nfu tl'J 

tl., ~ a1 'YI~ {u fl'll lJ {l!ntl11i1'1l mi' a~ i'.i • 

ann'i~lii'u 11ii'mn~u""' • • 
J' <V I ,,( Q.I nl 

'W flf1'11 f11J l'J'1'WU11tj'Ylll'l::'1'Uu11il 
v v 

L llri1ifo tl'HJIJGJ'l'1 rl'UUl'llU f1 l:IJL<lf1<1 LL<!~ • 
elastoviscosity 'llfl'l<fl';i~UllJl t'lf1 l'lum":i 

.c:>, <:II I Q Clo' o IV 

L<f":i:l.Jli11llJ'll'WGlfltl1'1:1.JIJl'J<flflqj 
...(v °" o' 

4. t]'Ylllf1'l~lilt!f11'i<f~tfl'i1~'11 HA • 
?J fl '1 halocytes 

'11nm'lAmfl 1ull<ifllil'Yllil<ia" (in 

vitro) wui1 f11":ittt HA ~i'.itl1'11Uf1Lm<1~<1 
v v d d 

\j''1<fllJl'l(lf1'l~\il'W halocytes 'IJM'llfl'YIL<lfl:l.J 
"} 91..., ,/ d. J' 1 V <:II I 23 
Lll<f'1Lfl":il~ll HA L'WlJ?J'W ~Hf1fl'U 2 L'Yll 

...t,r, <ll D 

5. qn liu fl'lf1t!f11';'111<11tif1":i::ii]fl 

Bflt! (chondroprotective effects) '11f1f11'l 

Amfl L'Wll<lf1Gl'11Gl<lil'1 (in vitro) wui1 

f11'j 111 HA ~i'.itl1'11Uf1 llJb<lfl<l<f'!ll'jflli111lJ . " 
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lli'l 1i1 "" u "'l'IBil fl" nu m 'l'V11 a1u n1~1il n ii flu " ., . 
1 v v v 
li1'11f1f11">fl'l~\il'Wf11":i<l":i1'1 tissue inhibitors 

of metalloproteinases (TIMP-1) 
24 U<I~ 

'IJ11U'l LGJ'li'J <I (neutrophil- mediated 

cartilage degradation)" 'Wilf1'il1f10U'1'W'Ui1 

• ' d hylans <fllJl'j(l<llilf11"l'Yl1<11Ufl'l~li]f1flfl'W'l1 

Lflli1'11f1 interleukin- I, degradative 

enzyme LL<!~ oxygen-derived free 

radicals" ~..JL'Wf1'lW~-.imh10 hylans flflf1 

q'l'IBi'.JfJ'lri'u 11ii'~ni1 HA 

'ill n f11'lAf11'11 lGJu f11':i! ll~1'11u111'i' 
il'mi' '11 lil a fl'1 L ii li1 h li1'1f m ~fl lJ t Iii u'lll~1'! '1 

t'li'W anterior cruciate ligament (ACL) 
• <:II • 27,28 ' 

transect10n ll'lfl memsectomy 'W'U11 

HA ~i'.itl1'11Uf1llJL<1m1<1'1i'.im1'lf<1ilf11'l!fllil • • 
h fl w a a li1'11J <ilil f11'H tl~ mm tla'1Vl1'1 

.,. ..I ""' .... • :t 
w a1 ll a fll 'Wm n Iii nun 'l ~Iii n fl fl mi <i ~'lf 'W • 
fl'l~lilf1 tlii'f1"l~li1f1B B'W (subchondral bone) • • .r v u fl f1'il1 nu a.;i ai lJl'rn a Iii 1'111lJ1u u ":i'l'll fl'! 

n1'l'V11a1an'i~lilniiau1!illii'1a • 

tl":i~ff'11Hi:.J<l'l11'11'1iiilnwfl'l hylan G-F 20 

1u111'if 111'11 T 'l'l'l'll m '!i1t~fl aJ n1'iAn1'11 

tmamliau-:;~lli1'l hytan G-F 20 nu 
l'llll<lflf1 

'11 f1 nl'i Af11fl LL 'U'U prospective, 

multicenter, randomized, double-blind 

lli1Elf11'iUlil hylan G-F 20 '11u1u 2 

ilaii aw., 1'll1'1f m'li1l'i1'lri'uil'tl\111li' a~l'l~'l 
'11'W1'1J 2 l'l{'l rl'U 3 l'l{'l \ll1lJ<il~'U ttl~EJ'U 

""' "" ""' !' ~ L '11 El 'U f1 'U f11'iilGlIJ1 L f1 a B (physiologic 

saline) b'll1'llm'li1 bL<l~mlilGJl:IJN<lllll'lUlil 
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~ .", ..,, ' 1 • tnff'l·m1nmu 12 <'lulillll wu11 m1 ll 
• . ~~ 

hylan G-F 20 'Yl'l 2 15GlllJ1'jfJGllillil11lJ 

t~utl1!il'll ru~~'!i' B 1 'li1futl1mr n~~tJ-,~dlu 
'i!lfl visual analog score (VAS) mh~ii 

irm'l1A'IJ1'11~ ff fl~ 1rl a 1tl'fou1 ii u u ilu m., 

~~WU lil11 lJ ll\'l fl~h~if1li) i;f ~Lilli 
1tl'i!uo~atl1i11'11~ i2 (1tl~ 

• 
1) L!Gl~U~WUll fll'j1rlm11uu 3 ri{~ 
GlllJ11fJGllil VAS llii'mnni11tuu 2 ri{~ 
BEh~iiirmh l"ltym~ G1iJ~i;f ~ 11lliatl1i11'11~ s 
dJuiu 1 tJ u Bfl'i!1nif m.,tJ.,~dlur-rnm., 
fnb1'i!1niil1i11il~unll'i'w<1ri~1uri~~iluwr;i 
~1lii'rni11m'!i'1~vi'u iil~tT'Wfll'j1Ml'JlLLUU 3 

lil{~if ~~ 0 BL U 'W'll'Wl lil l'Jl~1iflflbl L lNl'W 

'l'5'ulliB 'l m 1rn~u~1tlu'lfim.,~uu~il11ll' 
h1un"lftli)u~anlii'1u 

t18fl'i!lflif u~iifll'jAflblLLUU 
.J 

multicenter, randomized, double-blind 1'I 

1tl1urnnuu.,~lli1~ hylan G-F 20 51i11'!i'1 

'!i'm"li1vi1~iluatl1i11'11<1~ri{~.,," 3 ri{~ ilu 

m.,1'1ltl11n~aillilt'!i'1'!i'm"li1 fll'jAflblil'~lil 
lilllJN<1ll'1,iJlilmlil{,11.,nu1u 26 CT'tl1i11'11'0 

wui1 hylan G-F 20 iiwm'h1ll' VAS '118' 

iil1i11ilm,rii:iilnlli1~ 'l ( 1-du 1Jlfll'jU11il 

'llru~r;i,J1mTn mm.,tJ11illilBt1nm~flu 
mm.,tJ11il'lJru~1ri~au 1ll11"li11uvh~rh1ll' 
U11illJlfl~<'llil lil1llJ<fllJl'j(J LtlfllTYil~ltl 

' 
NGlfll'jfflblT!ilff'1lJ 1<1"1) LU~l'JULLUGI' ltJ 

1 til'll~~~?f u aci1~iiii'mlll'ltym~G11l~ 1rl a 

L tJ1uut nl'IUOUfll'jQ!iltlllfl~8 'W 8fl'i!lflif 
W > W Wo>I .Joi 
l'J~WU11 'jfll'JGl~'ll8~ Nu11'11'1uil8!il81fll'j 

• 
(symptom free) 1untjlJ~1lii'funl',fflbl 
vi'1l'I hylan o-F 20 ii:i.nnni1ntjlJ~1lii'fu 

Supanimit Teekachunhatean 

fll''!Anb11ml'lutnl'lu'!~lli1~ hylan G-F 

20 ilu HA ~iitl1llun Tm<111<1~1 
' 

'ill fl fll 'j fl flbl LL UU multicenter, 

randomized, double-blind L yjm tl1uu 

lnl'JUU'j~al'l'ilNil'lleN hylan G-F 20 ilu 

1% HA ~iitl1mTnTm<1n<1 750,000 lw 
' 

m.,fnm hri'!i'm"li11~8lJ Tlill'l'lllillilmt'!i'1'!i'a 

1"li1vi1~iluatl1il1lf<i~ri{~.,," 3 ri-f~ 11<i~~lil 
lilllJN<lll'1~51ill'Jllil.f,11 'jfltilt! 12 atllillM31 

wui1 NU11'1~1vi'fu hylan G-F 20 iim., 
• 

LU~l'JtlLLUiN VAS 'l18~iil1i11il~U:Jltl (1vi' 

Itri 8lfll"lU11il'llf.ll~Gl~tllllUfl 81f)l'jU11il 

'llf.llnlil~ au 1ll11"li11uvh~'l'h1 ll'tl1!illJlfl~ 
<'llil) wr;im.,fnm T!ilu.,1mtlu 1tJ1um~~~ 
' 

11ti8 Vl~ iii! l'I '11 A 'IJ1'11' ff fl~ 1rl 8 L tJ1uu L nuu 

ilum.,fnb1vi'1u HA ~iitl1mrn Tm<i~<i~1 
u a n'i!1 nil' u~wui1 1rl atl .,ni:Ju 'ill niil1i1 lil 

lli1~ 'l 1narn1niil1 ·fom1~'lla,!Jll1u~tl<ialil 
1Jlfll'j (symptom free) 1untjlJ~1!ii'1um1 

' <V 'V tj I 1 ,.,,. 

'jflbllil11'1 hylan G-F 20 lJlJlflfl11flqlJ1'1 

l!ii'fu HA ~iiii'1wwn tm<1n<i~1aci1~iiul'I 
' 

fll'jAfnfllml'l1JLnl'IU'i~lli1~ hylan G-F 

20 nu NSAIDs 

'ill fl fll 'iAfl1flL tl11'1U L nuu fll'lf n Ml 

hri'IJ'm°lilL~8lJvl1fl hylan G-F 20 (L°lil 

31 ?J1~) ilu NSAIDs (L°lil 34 '!i'1~) LLGI~ 

hylan G-F 20 ~1lJOU NSAIDs ( 1°1i1 37 



Thai J Pharmacol; Vol 22: No 3, Sep-Dec 2000. 255 

'111'1) Li11UAn'lflU1J1J multicenter, 

prospective, randomized, double-blind 

1• 1 ~ ~.11· 
LL<!~ 'IJ hylan G-F 20 'W'IJ'W1111Li11U1fl1J'l'l 111 

mii1lJ1?i1'1!ti't1'
2 

wui1 ru at11111'11~ 12 

hylan G-F 20 1'1i'wam':lffl'lfl li.ivi'auni1 

fl1~1'li' NSAIDs '1Ul-<L&lu1 (Lda 

100 
-+- tl11naa ' ' 

-0- ilYI 2 fli''l -itr- i1~ 3 fli'-1 

80 

01 
VAS 

L\.l~l'l 
• • 40 * 
• •• • • 

20 • * 

0 ---1 

0 2 3 4 5 6 7 8 9 10 II 12 

NtJ~ntf 

1u~ 1 ~ecrnum1~clluu1e (VAS) mue~.Jmri1foJ1m!n~•u1edlu•1nol'il1a'lea1!l' VAS 100 ilooc~m (o= 1.;u1e """ 
" " 
1OO=thV1inn-:ut1VJ1J1J.Jli-r:i) *p<0.05 Ltl~EJuLViuuilun~lJA1Ul"Jll,** p<0.05 Ltl1autViuuflun~ll~1~~un1'lilV1u1LLUU 2A~'1 
( v1Yl LLtJCl'l'11fl La flCl'1'Hl1'lEl'l'YllJ1EJLa'lJ 2 9) 

G11:5'ivi Hylan G-F 20 tl1LnJ1ifl 

(cri1 57 il'1•) (cri1 ao ,;1•) 

fl1°.itJ<J:::dh..t'lJa,uJlhu ru 5i.JviTH~ 12 

a1 n1".i i.J1vi'll ru:::~fi fl L "li1~ ti J1'Hti n 56' 12 

a1 fl1':i tl1vi vi au n a1'1fi'W 82' 53 

u "' 1 · 1 · .i • 1 'u .i 8101".i 1Vl'lJ(l.l:::LrHHl'U Vl1l'lJ1 'U'YITYIVll 'YI 1VllJ1fl'Vl~(il ao• 13 

wan1'l1'nH11Vlff'j1lJ 10• 18 

fll'H.J"J:::tih.t'1.18"1lL'W1'1tf ru 'fftlV11lf~ 12 

a1n11 tl1 Vl'l.l ru:::~tl a L 'll11' 1nf1 irU n 47• 8 

a1nTstl1V1Vl a'Una1-:.iAu 77• 42 

nT'H8tifl11lJ51lJ1'H'l 1 unT:1Yh-:.i1u ao• 17 

~an1"J-i'ff1!111VJEJ'l1lJ 51' 15 

nl"Jtl'J::Lil'U'llf)'3LL'Vfl1fi' ru '1tlV11'11~ 26 tt 

Bl ni 'Jtl1 VJ'll ru:: 'i;N .J1 'Vi iT n 39• 13 

a1 n1"Jtl1vw1rJuna1-:.iAu 71' 45 

n1"Jlauf111lJ a1>J1'Jll 1 un1"JYi1-:.i1u 59• 27 

t•il "" • '"" .J. 0 • • • "" " 1"" ,,.... 0 • ~ 1tl'l'lui:'\tl\!ltllf11'J 'Vl"lEl[l'lfjU1UYU.J VAS ti~ L\J'li1'3 0-20 'Vi'JtllJOl'HuaElUlluU'3'lltJ..;Jfl::LL'!Jtl UL'l.l'Vll'l'l'IVl'll\J'il\Jtl~ Ltl'IS1'l 80-100 

flt:LLuutdtltl"J::dlu1VJu1tiauHH~El1rlu, * p<O.oos, tt1JJUn1":itl'l::L}jufJanTrrn'M1lV1u'l1u ru tltlV111f~ 26 



256 

"" w <V Jw d d <v 

VI 'ill "lfJJl Nil f11 "l"l fl'l:ll'ill fl lil1'1i11il'VI Lfl!J1'1J iN 

nuA11m~utl11i1 tm~fll'>tl"l~tiiu LliltJ"l1lJ) 
d ti Q • ._., d 

LLil~ LlJ<l 'l: LlJ'WN il'ill fl"> iltlil~'!J eM N u11'J'VI 
" 

t1ae11ilmm., ru at11i11'11~ 26 VJui1 m"l1'1l' 

hylan G-F 20 ilUl'1L~t11 l'l~il1'1i'~1lJOU 

NSAIDs iifama1MN'1fll"l{m11~flilfl1"> 

1V <>! I .<Of .d 
'lJ NSAIDs L Vlt1'1ilt11'1LlilU1 ( lill"ll'l'VI 3) 

• Q 

Nil'lJ1'1tAtl'l'!Jil'l hylan G-F 20 

" d - • d 'ill fl fll "l ~1 fl '1:11tfltl1fl1J N<l'!Jl'i LA tl'1 

wui1 hylan G-F 20 1liriil11'l'tilli1Nil'li1'1 

LfitJ'lWil'l~U1JW1'1 '1 '11il'1~1'1flltl (systemic 

adverse events) LLWill'ilWUNa'li1-;itfit1'1 

mw1:~ ( 1'1:iutl11i11Lti:u1l.J'liil) Llilt1iiilu&i-
' 'ti • dd fll">fJI ">~lJlfJl"lilUil: 2.1-2.7 (l'llJll'IMlJ 

fammillil 2.1-2. 1 A.f'1wilm"l~lil 1 oo 
A .f '1)" N<1'll1'1 tfit1'1 t mild l'lltJ hi'.mu 1 u 

">~t1~11m 1lifl1u ~'1if A1"> 11'l'm'lffl'l:lllilll.J 

mm"> (1'1:iu Vl'n'llil tlfl'111~'1 tl">~AU!Jil~11'1 

Supanimit Teekachunhatean 

J11L~'1l'l~11J1<1u LLil~ 1'1i'm11ri'tl11i1) d'1'ii1 • 
L l'lu m'il~ il'llilliltl11'11'1111111lfl u ilfl'illflifl u 

" 
mt.lJ~il1fll"l1'WLL'l'llJ1flLLil~fl~'il'W1~-J11!iii 

Q J' 1 • Q d 

fll">lillilL'lJilfllU 'IJ'11 ilfll'ilW'ill'lfJll\llil 

' • V'V1''" cort1costero1ds L'111'11fl lil 

'!lmfoi''lJeN hylan G-F 20 

Hylan G-F 20 Ll'i'W<ll'lL<l~lJA11lJ 

l'IU lil~1'1i't11ulil mm"ltl11i1 t ~ fl'l'il1fl t ">A'li a 
' d. d Q d 1"" dd • 

L'111L<lfllJ 'lJ'lfll'ilVl'ill"lfJl1Lilflfl 'lJb'llfl">fJl'VIN 
" 

tl1u hililflU<l'l.JMWB conservative treat­

ments (t'l:iu fll"l1'1l'm11ri'tl11ilV11"l1L'lilil1l.Jflil 

~ J'- 1·~· l'l"lfl NSAIDs) 'WBfl'illfl'W tl'lfll'il 'lJLu'llfll"> 

ffl1:11m'ltli11fl<i1l'lfuN'tl11'1~1aJmm"ltJ'VIU 
" 

WflNti'li1'ltfil'l'l'111l'l NSAIDs 1~LLil~NU1tl~ 
" 

1aJ w{ a lJ ~'ii~ f um "lf fl1fl i 1ufll'l~1 Iii' lil 
tl

d • ' ~ 
L <ltl'IJ'111lt'111L'VltllJ (TKR, Total knee 

replacement) 

1111n~ri 3 faua:'l!n"ffihurit1irnfimm1 m ti'tlm\(~ 26 V1.i'"i'm11• ("1fltbtla"~1mnnt11-;a1"!i" • 
l'lmma'l! 32) 

NSAIDs Hylan G-F 20 NSAIDs ~1lJnlJ 
- X-m"lnfl (%) (%) Hylan G-F 20 (%) 

D1fiTitl1fi'JJ!ll:Lfl~Dll11'11 6 30t 28t 

n1m1ti1fl'l!lll:wn 48 48 81 t+ 

D1fi1'itl1flflfilllfi"1"tlll 48 63 81t 

m-;1.h:Lijmrn 1fl!J71lJ 10 19 25 

' ffibu~tlonfimm-; l'llJ1!Jn~ ffihu~jj VAS ~1n11 20 iimlit!.ifl"; (H' VAS mna 100 ii•~LlJfl-;}, 
• • 

t p<0.05 L~mtffornYiaunun~!.I NSAIDs, * p<0.05 L~mtl'foutYiuunun~iJ Hylan G-F 20 



Thai J Pharmacol; Vol 22: No 3, Sep-Dec 2000. 

I. Balazs EA, Leshchiner EA. Hyaluronan, 
its crosslinked derivative hylan and their 
medical applications. In: Inagaki H, 
Phillips GO, eds. Cellulosics Utilization: 
Research and Rewards in Cellulosics. New 
York: Elsevier Applied Science 1989: 
223-41. 

2. Balazs EA, Denlinger JL. Viscosup­
plementation: a new concept in the 
treatment of osteoarthritis. J Rheumatol 
1993; 20: 3-9. 

3. Balazs EA, Gibbs DA. The rheological 
properties and biological function of 
hyaluronic acid. In: Balazs EA, ed. 
Chemistry and Molecular Biology of the 
Intercellular Matrix. London/New York: 
Academic Press 1970: 1241-54. 

4. Balazs EA. Viscoelastic properties of 
hyaluronic acid and biological lubrication. 
Univ Mich Med Cent J 1968; 8255-9. 

5. Balazs E, Briller S, Denlinger J. Na­
hyaluronate molecular size variations in 
equine arthritis and human arthritic 
synovial fluids and the effect on 
phagocytic cells. In: Talbott J, ed. Semi­
nars in Arthritis and Rheumatism. New 
York: Grune & Stratton 1981: 141-3. 

6. Balazs E. The physical properties of 
synovial fluid and the special role of 
hyaluronic acid. In: Helfet A, ed. 
Disorders of the Knee, 2"' ed. Phila­
delphia: JB Lippincott 1982: 61-74. 

7. Wobig M, Bach G, Beks P, Dickhut A, et 
al. The role of elastoviscosity in the 
efficacy of viscosupplementation for 
osteoarthritis of the knee: a comparison of 
hylan · G-F 20 and a lower-molecular­
weight hyaluronan. Clin Ther 1999; 21(9): 
1549-62. 

8. Band P, Goldman A, Barbone A, Reiner 
K, Balazs EA. Intra-articular distribution 
and residence time of hylan polymers 
(Abstract 433). Materials Research 
Society, Spring Meeting. San Francisco; 
1995. 

9. Brown TJ, Laurent UB, Fraser JR. 
Turnover of hyaluronan in synovial joints: 
elimination of labelled hyaluronan from 
the knee joint of the rabbit. Exp Physiol 
1991; 76(1): 125-34. 

10. Ghosh P. The role of hyaluronic acid 
(hyaluronan) in health and disease: 
interactions with cells, cartilage and 

257 

components of synovial fluid. Clin Exp 
Rheumatol 1994; 12(1): 75-82. 

11. Goa KL, Benfield P. Hyaluronic acid. A 
review of its pharmacology and use as a 
surgical aid in ophthalmology, and its 
therapeutic potential in joint disease and 
wound healing. Drugs 1994; 47(3): 536-
66. 

12. Balazs EA and Darzynkiewicz Z. The 
effect of hyaluronic acid on fibroblasts, 
mononuclear phagocytes and lymphocytes. 
In: Kulonen E, Pikkarainen J, eds. Biology 
of the Fibroblast. London: Academic Press 
1973: 237-52. 

13. Forrester JV, Balazs EA. Inhibition of 
phagocytosis by high molecular weight 
hyaluronate. Immunology 1980; 40(3): 
435-46. 

14. Pisko EJ, Turner RA, Soderstrom LP, 
Panelli M, Foster SL, Treadway WJ. 
Inhibition of neutrophil phagocytosis and 
enzyme release by hyaluronic acid. Clin 
Exp Rheumatol 1983; 1(1): 41-4. 

15. Partsch G, Schwarzer C, Neumuller J, 
Dunky A, et al. Modulation of the 
migration and chemotaxis of PMN cells by 
hyaluronic acid. Z Rheumatol 1989; 48(3): 
123-8. 

16. Peluso G, Perbellini A, Tajana G. The 
effect of high and low molecular weight 
hyaluronic acid on mitogen-induced 
lymphocyte proliferation. Curr Ther Res 
1990; 47: 437-43. 

17. Darzynkiewicz Z, Balazs EA. Effect of 
connective tissue intercellular matrix on 
lymphocyte stimulation I. Suppression of 
lymphocyte stimulation by hyaluronic 
acid. Exp Cell Res 197 l; 66: 113-23. 

18. Yasui T, Akatsuka M, Tobetto K, 
Hayaishi M, Ando T. The effect of 
hyaluronan on interleukin-I alpha-induced 
prostaglandin E2 production in human 
osteoarthritic synovial cells. Agents 
Actions 1992; 37(1-2): 155-6. 

19. Schaible HG, Schmidt RF. Effects of an 
experimental arthritis on the sensory 
properties of fine articular afferent units. J 
Neurophysiol 1985; 54(5): 1109-22. 

20. Aihara S, Murakami N, Ishii R, Kariya K, 
et al. Effects of sodium hyaluronate on the 
nociceptive response of rats with 
experimentally induced arthritis. Nippon 
Yakurigaku Zasshi 1992; 100(4): 359-65. 



258 

21. Gotch S, Miyazaki K, Onaya J, Sakamoto 
T, Tokuyasu K, Namiki 0. Experimental 
knee pain model in rats and analgesic 
effect of sodium hyaluronate. Nippon 
Yakurigaku Zasshi 1988; 92(1): 17-27. 

22. Pozo MA, Balazs EA, Belmonte C. 
Reduction of sensory responses to passive 
movements of inflamed knee joints by 
hylan, a hyaluronan derivative. Exp Brain 
Res 1997;116(1): 3-9. 

23. Vuorio E, Einola S, Hakkarainen S, 
Penttinen R. Synthesis of under­
polymerized hyaluronic acid by fibroblasts 
cultured from rheumatoid and non­
rheumatoid synovitis. Rheumatol Jnt 1982; 
2(3): 97-102. 

24. Yasui T, Akatsuka M, Tobetto K. Effects 
of hyaluronan on the production of 
stromelysin and tissue inhibitor of 
metalloproteinase-1 (TIMP-1) in bovine 
articular chondrncytes. Biomed Res 1992; 
13: 343-8. 

25. Tobetto K, Nakai K, Akatsuka M, Yasui 
T, Ando T, Hirano S. Inhibitory effects of 
hyaluronan on neutrophil-mediated 
cartilage degradation. Connect Tissue Res 
1993; 29(3): 181-90. 

26. Larsen NE, Lombard KM, Parent EG, 
Balazs EA. Effect of hylan on cartilage 
and chondrocyte cultures. J Orthop Res 
1992; 10(1): 23-32. 

27. Arrmstrong S, Read R, Ghosh P. The 
effects of intraarticular hyaluronan on 
cartilage and subchondral bone changes in 
an ovine model of early osteoarthritis. J 
Rheumatol 1994; 21(4): 680-8. 

28. Abatangelo G, Botti P, Del Bue M, Gei G, 
et al. lntraarticular sodium hyaluronate 
injections in the Pond-Nuki experimental 

Supanimit Teekachunhatean 

model of osteoarthritis in dogs I. 
Biochemical results. Clin Orthop 1989 
(241): 278-85. 

29. Scale D, Wobig M, Wolpert W. Viscosup­
plementation of osteoarthritic knees with 
hylan : a treatment schedule study. Curr 
Ther Res 1994; 55: 220-32. 

30. Wobig M, Dickhut A, Maier R, Vetter G. 
Viscosupplementation with hylan G-F 20: 
a 26-week controlled trial of efficacy and 
safety in the osteoarthritic knee. C/in Ther 
1998; 20(3): 410-23. 

31. Wobig M, Bach G, Beks P, Dickhut A, et 
al. The role of elastoviscosity in the 
efficacy of viscosupplementation for 
osteoarthritis of the knee : a comparison of 
hylan G-F 20 and a lower-molecular­
weight hyaluronan. Clin Ther 1999; 21 (9): 
1549-62. 

32. Adams ME, Atkinson Ml-I, Lussier AJ, 
Schulz JI, et al. The role of viscosupple­
mentation with hylan G-F 20 (Synvisc) in 
the treatment of osteoarthritis of the knee : 
a Canadian multi-center trial comparing 
hylan G-F 20 alone, hylan G-F 20 with 
non-steroidal anti-inflammatory drugs 
(NSA!Ds) and NSA!Ds alone. 
Osteoarthritis Cartilage 1995; 3(4): 213-
25. 

33. Lussier A, Cividino AA, McFarlane CA, 
Olszynski WP, Potashner WJ, De Medicis 
R. Viscosupplementation with hylan for 
the treatment of osteoarthritis: findings 
from clinical practice in Canada. J 
Rheumatol 1996; 23(9): 1579-85. 

34. Adams M. Viscosupplementation as an 
alternative to conventional treatment for 
the management of osteoarthritis of the 
knee. J Clin Rheumatol 1999; 5: Sl8-S23. 



Thai J Pharmacol; Vol 22: No 3, Sep-Dec 2000. 

RISEDRONATE: A NEW DRUG FOR OSTEOPOROSIS AND PAGET'S 
DISEASE 
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ABSTRACT 
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Risedronate is a pyridinyl bisphosphonate that has been recently approved by the U.S. Food and Drug 
Administration (FDA) for the prevention and treatment of postrnenopausal osteoporosis, glucocorticoid­
induced osteoporosis, and for the treatment of Paget's disease of the bone. Risedronate inhibits osteoclast­
mediated bone resorption and modulates bone metabolism. The osteoporosis therapy clinical trials for 
risedronate demonstrated significant reductions in vertebral fractures and risk of new vertebral fractures 
within one year of treatment. Risedronate is generally well tolerated in most patients including patients with 
gastrointestinal disease. The overall side effects were comparable to placebo. Risedronate should not be 
administered in patients with hypocalcemia, known allergy to risedronate or any component ofthis product, 
or an inability to stand or sit upright for at least 30 minutes. It is not recommended to use in patients with 
severe kidney disease. Bisphosphonates have been associated with gastrointestinal disorders, such as 
dysphagia, esophagitis, and esophageal or gastric ulcers. Patients should be advised that taking the drug 
according to the instructions is important to minimize the risk of these adverse events. Additionally, 
patients should receive supplemental calcium and vitamin D if dietary intake is inadequate or plasma 
concentrations are below normal levels. No specific drug-drug interaction studies were performed but 
calcium/antacids/divalent cations/food may interfere with the absorption of risedronate and should be taken 
at a different time of the day. In summary, risedronate is an effective bisphosphonate for the prevention and 
treatment of postmenopausal osteoporosis that is now becoming a major public health issue due to an 
increase in aging population. 

Key words: risedronate, bisphosphonates, osteroporosis, glucocorticoid, Paget's disease 
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turnover) LL<!~ 'j:;ii)u serum alkaline 
6 

phosphatase 

,£ " -q '11 i'i 'YI 1 ~ Lil i;l'!i1 '11 tJ1 

Risedronate iJ1l.11'"1<llilBlil"i1fll"i 

af1~u<1:;<1mtJfl'j:;(i)f1 (bone turnover) 
" 

1 - d ~ 
LL<I:; <I Iii fll':l iJ<ll tJ fl'j:; Iii fl 'IJ U':l L111.i'YJ lJ fll 'j 

" 
L u~umt tl<i~m~ fa'j~af1~'lleMfl'j:;liJn ill fl 

" 

• 
' .:::ti "" "" 11 risedronate lJ(;J<ltJUl'J~ bone resorption 

LL<l:;<lliJ bone turnover rate 
7-10 

fla 1flnl'menq'l1E 

ii~ hi n11u fl <i 1n fll'j a fl flt) nil'1 u 
' 

'j:;iiJUL '!i<i<i'fiLL U'llfl'IJV 1M bisphosphonates 

1 um1iiuB~m':liJmsm:;liJn i.J<1m10nm~ 
" 
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i:.hum wui1 bisphosphonates iiuB~ bone 

resorption htlliltl\il':i~ITT flfll':IL U~l'J'WLL U<N~ 
u':int1.1Vi'lU~1iJL~l'JUVcM osteoclasts vh1'1f 

<:I' ' d """ .d ""' 
fll':i'!il.I i;i1uv a~ LL fl m '!il'Jl.I n<inrn au au "]l.I 

,J' 511 
!JlflV'W ' flltilil bisphosphonates :I.ii.JC! 

if u c~ fll'jU <I tilt!~ a tJLL fl <IL iJs lJ 1 um:; V1 fl L~ltl 
" 

~UflUN~fl hydroxyapatite (~ULLUU'l1~~ 
ve~uAmiltil.IWfl<IL wlil ~Yi1Mtl1~L uu LA'N 

• d~ 
iJ11~V1l~fl'j:;(ilf1 fll':il'll-1 bone resorption 

" 
<ilil <i~ iJ ci1w1h u 1 ii'.i m .,f ni;1 iJl.ltil mfo a~ 

' 
.1- d ' 1 u'jl.1111.iLLA iH'!itllJLL<J:;LL "i llllil 'IJfl'j:;(ilfl 

' " 
(bone minerals)"

11 

' 1 "" z 'V ..J fl1Vl11flB flf111BUB~M'IJ1'YIBE~ 

osteoclast 1'1Jfll'j<l<lltJfl'j:;(ilf1 'll1l~tl11'1l 
" 

fl~l.I bisphosphonates Blil 1:W1iii'rnl'ieunu 

Wl.le 1ti wui1 bisphosphonates ~hi:IJ 
1uLlil"iL'il'W1 u Tm<inmiu clodonate fllilL?i'l • 
1tl~unu nonhydrolyzable analogues mM 

ATP 1'111 MLfltilm1iiuB~m.,Yi1~1u'l!M 
,,J d • " 1 

L'lf<l<l'YILflU1'll 1l~f1Uf1Gl fliJ<llflfl'j:;liJfl 
" 

<iT11fu bisphosphonates ~:l.i1u Llil'>tilu etj 

1u Tl.lrnnmiu Risedronate ild:W~unrnhu 
' • I f I .:::ti <V "-' 

ve~ ATP LLlilfl11i111'1Jl'iJ:;lJ(;JGll'JUU~f11'j 

0 1 <d 0 ~I 1 'Yl1~1'1JV1l~Lfl'W 'lflJYl'illLu'IJ 'IJ mevalonate 

pathway ~~ll1Ll'l'WITTflfll'jLfltil prenylation 

ve~ signalling proteins ~a1~ty12' 13 ili.J<I 

<ltil bone turnover Ltill'JUuC~m':iLfllil 
d 

resorption ve~ osteoclasts fll':i\'1\il<lfl'l\'1 
<V w ""' .... , 

au u au uv fl Gil.I lJ Iii ;;1 u til~ n <111v fl~ 
' . -

d ' .; b' Luckman LL<i:;Aru:; YIWU11 t)'YlliVfl~ 1s-

phosphonates ~ i'.i1 'IJ Llil ':i Lil'W Lil 'IJ fl~ ft 

ti d -'j:;f11JU<llil<l~ Ll.lflLlillJ intermediates 'ilfl~ 
13 _J'..., ..J • 

mevalonate pathway 'Wi'lfl'illfl'Wl'J~L'1ifl11 

" :Ii Risedronate tJUU~ post-translational 
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prenylation 1"M hhlilu L'li'W guanosine 5 '­

triphosphate binding protein Ras th L vl 
fa "l~ <1{1~ LL<l::: fl1 "l Yil~l'W'llCM os teoclasts 

LU ti hJ u<i:::fll'ilt l'Jui;,i;;iYi·11 vi'Lfilil apoptosis 
14,15 "' i; , 

'lJ<l~ osteoclast m1rn1~1f11'!1'YMi11t1 b'W 

LL <l:::Jll ti u il n':i1~ f11 ti ir~ LL<l\il~ 1 it i'lui 1 

R . '" ,J.,. , 1sedronate tu'Wtll'Yll.J\il11l.Jtt"l~<I~ L'Wfll"l 
" 

Yi11vi'tfilil apoptosis 'lJ<l~ osteoclast 
14 

f11".lfif1'1fl'l11~ AaiJfl 
"' -- 1 ,J i;J<Jfl11'1f11'11'Yl1~A<l'Wf1 'W"l:::tJ:::'YI 3 

'i'i1u1u 11 11{~ o~'lh:::R'Yltlmwtrn:::m1l.J 
U<l<Jlilii'l'J'llil~ Risedronate L'W~U11'1'i'i1'W1'W 

" 
11ilti"l1l.J 16,000 111'1 'i11f1<1'11'WWl'J11Jl<l 

n11 300 ttli~1u ~ht! ml.J~rnmilil tw::: 

il fl<lt\il"lt~l'I tlilt1~An1'!1nu i;J''l.!11'1 b\il 
" "J <0!<2)" nl O <:!.! 15-17 

m:::\il nw1u b 'Wfl\il'l11J'Yll.J\ilu"l:::'il1L\ilil'W 
" . 

1u~U1tl 11An'l:::\ilfiW"l'Wtdil~'illfit11at&it1-
" " . 

"liltl\il'1
8

,
20 Lt<1:::lu~'ll1t1bA Paget's 

disease 21'2
2 fl"ltl1iii'{;)~if 

• 

1h::~11ffeiau 

fll"l Li' risedronate iJ i;J<1'1i11'1 '1\il 

el\il"llfil"l<lf11 tt<1:::fl<111'1 n"l:::\iln (bone 
" .J!'1,"fWoW, -

turnover) MLu'tJu'il'il1Jfl1Al\J b'!Jfll"ltn\il 

hflm:::lilnw1u m1i'lnm L:ii~A~ilnwui1 " . 
m11-il' risedronate LU'll'Wl\il 5 :wn.11u 1u 

fllil~i'l'l'Yll.JlilU"l:::'i'i1tiililu iJ i;,i<1<11i1 B\il"llfll"l 

af11LL<1:::flm1Jm:::liln 11i11J1'1ii'il1n\;]'llilm~ 
" 

~1il1W 1iii'LLn' urinary deoxypyri-

dinoline/ creatinine ~1 L l'lum1u1~iiT111'u 
""' fl11fl<i11'1fl"l:::\ilfl lJAl<l\il<I~ 20-40% illl'I 

" 
lw 1 tlililu trn::: bone specific alkaline 

Suvara K. Wattanapitayakul 

phosphatase ~ t l'Jum1u~~aw1{um·rn{1~ 
m:::liln ilfi1<1lil<M 18-39% m1JLm1m 3 

" ~ i "-' I .J' \II 

t\il il'tJ fl1U \il1U~'ll'lJ il4 fl1".lfl"l1~ LW:::fl<lll'I 

m:::li)fl (bone turnover markers) i'lAl<l\il 

iNmn~fllilO~ 28-70% ml'IL'!Klm 6 • 

'il1nn1"li'lnM1U"l:::RY16n1W'lJil41'11 

risedronate 'll'Wllili'u<1::: 5 :wn. L'!Jfl\il~11J 

'Yl:Wiiitl"l:::'i'i1Liililu'i'i1u1mnilu 4,ooo Au 

~~LU 'Wfl1"li'lfl1'llttUU randomized, 

placebo controlled, double-blind study 

1u1h:::'ll1mflil4mi:w1m:u Ail 1utJhtl-
• v • 

il il<lt\il"lt~1J 15 LL<!:; 1 u11'ltlml.J~fl1t 'HUil 
16 

i;J' 'll 1il~ L '111-:i 1l.J 1 u ni"li'l n1'11A{4il'11 nl'l Iii 
" " 

'lJil4fl1"lbO\ilm:::\ilnu\iln'Yl~ilii'rnvi1nu 4 1u 
" 

mi:w l'lhtl-ililflL\il'H~l'l trn~b'Yi1nu 2.s 1u • • 

~ ~ w 1 ._., ,J 
tti'l<IL'lll'l:wtfl"i:W'l'tJ<I::: 1000 l.JO. '!Jt:-Ju'll'l'YJ 

" ' ' iJ1:::!Ku'i1i11iluiii~'h (LYi1nu11~iliil1ni1 40 

nmol!mL) 'ii:; 1iil{u'i\il1iluiilw~:w1'u<i~ 

500 IU W<lfl1"li'ln1'1111'1~1vi'miiilil~il0'tJ 

mu 3 UAil l) Risedronate i'lw<i<11ilfl1"i 

tfl\ilm~lilnii'n<1~ 65% miJ1unm 1 tJ 
" 

bt<1~<11i1<1~ 41 % l1'1~'il1n 1iil-lumml'l 1u 

nm 3 tJ 1umim~£M~ilrn1tfllilm:::\ilnttn . " 
Liiimu~mri1nu11~il:w1nni1 2 <Iii! 1iilli~ 
74% ml'l1unm 

<l\il1~hi1iil-lum 

"' .J _,~ "" w 1 u t:W<ltu'liJUb'Yll'JUOU 

b1<1::::iJ!l\il11 t~1J4LU~iJ<l\il 
a~ 39 % ii1111'u nonvertebral fractures 

""" <V .t 2) Risedronate :WW<liJUfMfl1'l<l\il<l4'1Jil~ 

m1:wm'il1n -1.1 :w:w.1tJ bl'lu -o.7 :wl.J.1 
" 

ti (1umi:wuhtltt<1:;iJiJ<lt\il"lt~l'I) u<1::: • • 
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LU~l'J'WUU<Willfl -2.4 lJlJ./U LU'W -1.1 

lJlJ./U (1ufltjiJ'Vl'ltlmiJ'lrnmila) L~a 
L tl'ltJrn YitJu ilufl <I iJ~11711u l'JlM <Hlfl Ui.1~ • 
3) Risedronate ii1"Glil'Wfll'li.llili.l~°IJ1N 

' d 
fnllJM'WlLL'W'Wl'JiNfl'l~lilfl (BMD) 'Mfll'l 

" 
i.llili.l~l'Ja~ BMD 'il~LU'Wth1~mhi"\'qJ!iiarn1 

r11 L'lutJa~ hlilm~lilfl'W1'W 'illflrn1fimnwu " . ' . 
I '°' -=:IQ £$ ~ "" 

11fl'l~lilfl'U1L1!U'YllJ BMD <i~l'J'WA1l'U1L1!U 
" " 

lumbar spine, femoral neck, femoral 

trochanter LW~ midshaft radius 

fll'i hl' risedronate 5 lJfl./l'W 

m lJl'j tlU M ilurn'l\j'lJ mn al'Ja~m~l(J fl 1 u 

<ilil'l~iima Llilmu~a 5 3 'i'.I ~M:1Jliltl1~:ii1 • 

"" ""' = CJ 
1'ULLAi.1L'lf1JlJL<i"llJ1'W<l~ 1000 lJfl. 'illflfll'l 

fim;i1u1~11~nm 2 tJ LU<ilil'l 383 Au 

wui1mtJLm1m 3 Liilaumi'~'illfl~"1'll11'J~ 
" 

11711u risedronate 5 lJfl. /lU ii~1 BMD 
' . ' =~ 1""4"-'oOJ""4 

L'WlJl'J'W1ll'll~lJ'Wl'J<i1Aqj'YI lumbar spine, 
d 

femoral neck LL<l~ femoral trochanter LWJ 

L tl'la rn Yi au ilu fl <iiJ~11711u m Mi.11lfl LL<l~ ii • 
lii''lfilm1<1ml'Jm~lilfli.llil<1~ Llilmu~l'J 2 2-

" 
40% 

nn ii risedronate i1ununnfn1111iuu 

i if mn1mm Iii u ml•, 21 

fll 1 ii fl'lfl L tl'lu u L Yi uu fll "il ii" 
risedronate 5 lJfl./lU ~11JnULi'l<illil'lL'i!U 

w ~' "'' l'Jl.Jllil 0.625 lJfl./1'W Lu'W1~1'J~L1'11 1 u 

1 ddd d "'' • 'W<ililTl'llJi'lll'JLQ<lU 59 u 'il1'W1'W 263 AU • 
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' 
risedronate ~1:J.Ji;l1uii1"m~lJ BMD mh~ii 

tiua1i'lqJLUfl'l~l(Jflci1u lumbar spine, 

femoral neck, femoral trochanter, 

midshaft radius LLi.1~ hiii1"<1rna distal 

radius W<lfl11YJ1 bone biopsy l 'W<i\i\'l 61 

AU wui1 m11vl' risedronate ~1:J.Jilum1 

1 vlLi'J<IL\i\"iL'il'WiJWi.1'11il mineralizing surface 
.,_, ,: "-' 

(lil11'J11il bone turnover) '1~ 79% LL'1~ i.llil 

d~· t q ' q 
'1~ 50% L:J.Ji'I b'l'1Li'l<i lil1L'ill.JL'WU~i'll'll~LlilU1 

IJ 11f1J !fl f 'HllJ"l':::ffl IJ W>ufi1fi ffl'il1 IJ IJ n u , 

""' 0 • =I "18-20 t r/Ufl'J U?'fl fl"J 81 fJ &::#flt ffJ VJU ff fl: • 

1'111 l 'WMtj)~ LL<l~'li1U 3Jfli!~'rl1 l vlLfllil bt'l 
fl 1~1il fl'W 1'WLL'1 ~ii fl1:::\i\ fl LLlil fl M 'l m'.fo L lJ U 

" . " 
W'1\i\1:J.JlJ1 wui10111"1l'L w1lililL'li fau 1 u 

l'Jl.Jllil:J.Jlflfli1 7 .5 :J.Jfl.11u L~:J.Jm1m~u~ 
l'JeNfl11Lfllilfl'l~lilflMfl:J.Jlflfll1 2 Lvil (RR= 

" 
2. 2 7) Llilmuw1rn1~lilfl Llil.,~a-:r1~M~flil 

" 
lil11lJL~U~L~:J.J~'Wl.Jlflfll1 5 Lvil (RR= 

<:>I d' I ~ 
5.18) :J.Jfll"l\J'lJLamuam~l(JflElm~111ilL"l1 

1u'li1~1:::11:::nm 6 tiilamL1ntJa~m11"1l' 
.:o! .. .J ~ 

<illilU"iElUlil LU El~'il1fl:J.Jfl11<li.11Ufl'l~lilfl:J.Jlfl 
v 

'ill flfl11Afl1'11 L :a~ ' . 
fl11 fll'l<l11~fl1~1il fl 

" 
~liilfl1ui1~1:::u~L1'11 1 u wu11 

risedronate (5 :J.Jfl.liia1u) <llilfll'><iml'J 

m:::lil fl 1 u "1' l11tJ~1utl1~'Y11'Wmmiil u1 au~ 
" " 

<i~ 1i;l 5 5% 11iluiiw<i 11ill'J\i\'>~liiam1iiu~~ 
m1af1~m~lilmfou (25-30%) mu1u 

" 
3-6 ti!leJU'l-l~~L~i.JL°ll'm1ul'Jl.Jllil 5 :J.Jfl./l'!,1 

'illflfll'lAfltil Lu'li1~1~11~nm 1 'i'.I 

1u"1'll1u 2 fl<i:J.J :ii1u1u 228 lil'W trn::: 290 
" . 
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CH &1 l'J'li'J l'J !il?JiJ lil ~'ti~ L TI l'JU L rhfl UL 'l'd'JlilUfa­

fou 1 u'!J Ul lil 1u<i~ 7.5 1.Jf1. 'l'du11nT,1M' . 
risedronate 5 1.Jf1./lU ilwmWIJ BMD 

t=l<Vo<V.J "' 

<J 1J 1" I.JU um A (]J'YI f1'>~~ f11J'> L1 ru lumbar 

spine (2.9%) w;1~ femoral neck (l.8%) 
J/v.:o1 cu "" 

U fl f1'il1f1U1J~ IJ W '1 '1 lil fl lil 'll f11'Hf1 lil f1'J~ lil f1 
" 

LLlilntt1m1mN 70% Lrlmnuuilun~1.J~1iil • 
fumtt<ieinmu 1 u 1 tJ 

<V 21-22 
fn'i'ifl!J1 Paget's disease 

1uw"u1 u ~1iilf u m-;f n 'lfl vi' 1 u 
" 

risedronate 1u'!JU11il 30 l.Jf1./lU d'Junm 

'11AqJ'!Jfl~f11'J<l-i'1"f1'l~~f1 (1i serum 

alkaline phosphatase Llluiii'1tl"~) Ll<l~f11'l 
<1'11tlf1'l~~f1 (1i urinary hydroxy­

proline I creatinine Ll<i~ deoxypyri-
.:: ..... .J' 

dinoline/creatinine LU'Wlil1U'l'!J) 'illf1f11'l 

m\il\illl.JW<l 1 'W'l~l'J~ 6 L&J eJ'Wtt.1.:i 1'1i'm 'l'dUil 

m-;fnB1iil1u risedronate ilwm'h 1M'ilm-; 

L tl~uu LL tl<i.:i-,tl~1'1'!J a.:in-;~wn 1 ML llutln &1 
" " .J' .J .:: 

l.Jlf1'!J'W f11'l<l'111'Jf1'l~\ilf1YJLU'W appen-
" 

dicular LL'1~ axial '11il'1'l ullihil'.lw<illia 

d • "·'' 1 d m~lilf1YJ'IJ1 'l'dU11Wu1tJ 9 'W 16 A'W IJ 
" " 

-;au hAu~nru~m~liln<l<ill'J~~u LL<i~ hJ 
" . " I .::.! .c:ll <V "" ~ 

'l'd1J11 l.Jf1'l~lil f1LL\ilf111'> el 'VJfH 'I'd IJ'IJ'W 
" 

m-;i'\nm 1 urJu1u?J11'J'il1u1u 12 o 
" . 

..:ol 0 =l""' 
lil'W LL<i~<llil'l'ill'W1'W 65 lil'W YJ!.JeJ1f11'l'IJfl" 

Paget' s disease 1 u~utliumn"l:i"1'WLL '>" 

Llill'Jil'l~vlU serum alkaline phosphatase 

U11'J 1iilfu risedronate 30 l.Jf1./l'W LU'W 

nm 2 L&lau 111a 1iilfu etidronate 

® " (Didronel , LU'Wl'l11'Wf1~1.J bisphos-

Suvara K. Wattanapitayakul 

phonate L~m~mnu) 1u'llmlil 400 1.Jn.1 

""' ~ ti~ d 1'W LuUL1'11 6 L\ilfl'W 'illf1f11':i 'J~Ll.JUW<lYJ 

'l~tJ~nm 3 t&lau11.1~1M'm 'l'dui1 77% 

'llfl'I l(f thu~1!ilfu risedronate l'.i'l~vl1J 
"'tl~.J serum alkaline phosphatase Luu nlil Ll.Jfl 

tld tj " "·'' d1 "" L 11'J1JL'Vltl1Jf11J 10.5% '!JeJ'IWu1!JYI \il'l1J 
" dtl""' OJ =l:; etidronate Ll.Jfl 'l~Ll.J'WW<if11'>'lf11'11flf11il'l" 

1uL~au~ 16 11'1.:ilwm 'l'dui1 53% 'IJa.:irJ 
" 

.'I .J1 "" " '1 u1!JYI \il'JU risedronate !J"fll'J 'W'J~l'J~<l'l1J 
" 

fu etidronate 

fl1'jfilfilff:Jl
3

'
25 

" 
u1~111tlilun1-;futl-;~YJ1u<111.J1-;n 

\il\iJYJ1.J1!il-;1\iJL~1 (T -1 '!Jl.J.) lil<ifl\iJYll'l 
'lJ max 

t&lum111-;ci1uiii'im01~ 1ti~uilu'llm\il'!Ja.:im 
Lrl afutl-;~mu ma ~i.:i lli m rl fl'IYJ n1u -;~vl'u • 
l'JllUL~fllil'il~A'l~illl'J1u 57 l'W fat1l'.i~h 

d 
~1tl'l~l!YJfiW<i (bioavailability) L\l<il'J 

!'I ,.J~ Ud u ~U 
0. 6 3% LL'1~ L u'WlillYJ bflGlllill'J'lflUfll'l b 111'J1 

1u-;tlm'><1~<11u 'Wflfl'illfld mm-;ilw<illia 
" 

fll'>lillil'211.Jm tda1M'm1u'llmlil 30 1.Jfl. 
" 

ri fl'W fl1111'lL'li'llil~'l~1 Ll.J'l fll'llillil'2il.Jl'l1'1 \ii 
" 

ti dtld tj" 

<!'! 'l~l.Jlru 5 5 % ( Ll.JflL 'll'JUL YJl'J1Jfl1Jfll'l 

1M'u1 Lu'1Jru~~fllilfll'Vll'>LU'Wnm 1 o ?Jl.J. 

riau1M'm 111muunm 4 ?Jl.J. 11.1.:i1M'm) 
1 ..... "I .di ..... =l d "I !ll 

LLlil'J~lil1J!Jl b 'Wl<lfl\ill'J'I lil'liM L 'l'dl'J'l'l'dflYl'il~ b 11 

w <I fll'lf fl1'11Yll'l lil i:\il fl 

a1111-;ti111rl.:i~111.J.:i 

" 

u'j~:J.Jlru 30% vru11a1;-;~on~vi~a.i l~t;11 
" " 

il u 1tii1'il~ 1 M'mri aua1m'>ti1lil~~~111.J.:i 
111a11<l~mm-; 2 ?Jl.J. v1.:iifum-;1'1l'm1M' 
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Lnlil'lh::iJ'Vl1lW,1~'11il1'j 1 li'mri B'Wi'l1Vll'Hi'1 

11ri1'1UBl'llil~'l~1lm11"Ja11'1'lmm'J 2 'lf:iJ, 

tl11f11:J'\11tJtPiJ
23 

m'JAfl1'11 L 'Wlil'W'Wui1ilfi11u~l'llil'1~ 
'll1l'l'll':lmlil'lfl1'Jfl'j::'iJ1l'l!i11 (mean steady­

state volume of distribution) Lvi1nu 6.3 

alil'J1nn. u.i::m~unu hbliiu 1u-wmam 

.I u1_1d d 
u'J:::i.nru 60% m::'il1tlli11 u'Vlm::lilfl m'Vl 

" 
L 1111 a'iJ::flflTIUBBfl'Vl1'lU<1<111:: ma::a:iJ 1 u 

" .J'.J, I d 

l 'U fl ltJfl B el'Wl. '):.-:lJlt'.l 0 .00 l o/o f}~ 0. 01 o/u 

1:uw11.1a iii! a/3
' 
25 

U'l hii111'1fl,li1'Wl11'11if~.h'W syste­

mic metabolism N<l'il1flfll'lAfl1'11 L'WVl'W'll11 
" "" .,., ,,.,J 

<l'W'IJ L!<t::lilU lJ'W1'11'1 'VlLLl'I fl eJ Cl fl l.Jl'Vllil<lel U • • 
m'l ll' 1l'l u ii u &\ m" -w u 11 m il'hJ I! mu~ l'l 'W 

_, du 
LLu<l'l'VllilU 

'Wi'lfl'illflil'u'l hJ-wui1 risedronate 

ii t:-J <1'1111 li'Ln li1 fll'lL Vl~l'l1tl 111"JCJUU~'1 
<l:iJ'l'l fl'W ::'II a'l L 11u1 'lf :iJ1 u !ilu Llil m;i-w1:: 

ari1'1~'ll'W'l::uu Cytochrome P450 

0 <V ¥ 23 27 
n1'ln1~wu1aan~1n'l1~n1u ' 

·' ,; ,; d d u 'l:: m ru lil'N M'W'l'll i'l'l 1'11 'Vl li1 lil'lf :iJ'il:: 
" 

flflTIUi'li'lfl'Vl1'lU<1<111::.fl11'11'W 24 'lf!J. LI<!:: 
" 
lil'l1'il-wum1uilam1:: 85% ml'l1u 28 i'u 
VJ il'l 'ill fl 1ll'm1u.,um5 lil fll 'l'l!-ii lil 1'11 '1'11'11 lil 

" 
(renal clearance) ilfi1 l 05 l.Jll. /'WlTI 

""' ' .J ..... (CV = 34%) LL<t::l.Ji'J1LUlll'l'IJ1l'lfll'l'IJ'illil1'11 

Llill'l'J1l.Ji'i1l 122 l.J<l./'W1TI (CV = 19%) 

fll 'j'IJ-i! li11'11'Vll'l1 lil hit i'J 'W a lil <11 u nu lil11 l.JL 'll u 
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'llu'lf a'lm 1 wa eilil ttlii'il::L i'lua1ilri1u Llill'llil>'l 

nu creatinine clearance 1mbu~hilillil'lll.J 
" 

A11uauwutf'll a'l1::!ilum 1 u'llfunrn1m'il:: 

Li'Juuuu multiphasic Llilt1ilfi11il~'1~'lli11'W 
1 ~j -"'>! 1 .J ~.,_ 

'lf1'1LL'lfllu'W 1.5 'lfl.J. Llll::l.Jlil11il'l'l'lf11il<llil • 
v d1 w o ~I d 

'Vlll'l'Vl lil'il1flfll'Jlil1'W1t\!Lu'W 480 'lfl.J. 'lf'l 

011i 1LU'WA1 LL <1 lil'l fll ':HLl'J fl !i11'lf Cl'l 1'118 8 fl 

'illflfl'J::lilfl 
" 

u'l 1liiifll'J0fl1'11'1'11'1Iii'1 u Lfl a'lf-

~1U'j::iJ'Vl1lt:-JmL<i::Lila'lf'il<l'Wl'll<llil-1 hiLLlilfl 

' u 1 ~ d 1 • 1 • lu lill'lfl'W 'W'Vlt\J'lLL<t::'lfll'I Ll.Ji'l Vll'll 'W~u'lU-

U'l::'Vll'W 'l1l.J~'l1ufl'ilmumflfli1 60 tJ " . 
Lria L U"Jl'JU L \11'1U nu WB 1l'Wll'lfll1 

" 
hi'il1 L i'Ju iii' i'l'lUfU'll'Wl lil'll i'l'll'll 

'jU LL UU m IHI ::':Jifl 'li'l'l1 23
'
28 

" 
'ill fl fll 'l 0 fl1'11 m'lu Lt uu m ~ L 11 m:: 

" • d ~ 'V 

<ll.J'IJ el'l risedronate 'WU111'11 Ll.Jlil Llil ll i'lUlil1 l'I 

W<llJL'lf<l\j faail esophageal transit ~&iflil 
1'11 L 'lJ'jULLlilU'lfll 'Vl1'1U~'H''Vlfl' t:-Jalil~'lt:-Jlilil 

" " " 
~ 'W L 'W 'jUl'Jl LlJlilf uu 1::'1'11 'Wllil a au YJ i l.J 

" 
'IJ'Ullil 5 l.Jfl. camaa'l) u<i:: 30 l.Jfl. ca 

'1111) lil1'JLnum 11~aruil:il~1fli1 30 °c . " 
m1fuu1::'1'11'Wl'll risedronate 1u 

<i::lilf'11u'l11'1 30 mi1ri11umm.,rl'mL'm 

'II a'l1u 11"la11'1'lfuu.,::'V11umm1rl'1111iln 

11ii' 2 ~1LlNLL<i::ti'lunmati1'lUi'll'I 30 'WlTI 

ri am 'll1u 11u wll11'1 m1f uu.,::mu m-wf au 
" 

tll~l.J l Llrl1 ( u1::mru 120 l.J<I.) L'W 
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Ltl1.J'l1Ui:Milll'll1J 30 'IJlVJU'lfl'vrn~'lU 

th~mmn wl11tJm1117lfrnt01m:iltJmt<i::: 
" 

1m1i.Ju&iw'h11umru~'IJ11il<n1rn<hll 1u 

fl'>ru~ r;T ll1mh t lium <Mf utJ 'l:::'Y11um~:ll 

LL:1Jflth:ilm1 011'Hbl'lflfutJ'l:::mum l VJci1d 

1 u nci1 ~u~1:i.J1'1in<11 t&i1'11ou risedronate 

v • 1" 22 '1Jil1N 'll lli'l:::'!J'W11MJ1 

1. 1tl'fo1'!1VJ"!8i'.I 8~ou h01fl'l:::lilflw1u 1u 
" ' 

VJtj)~i't1VJ:1JmtJ1:::'il1t&i8u tlill'l 1"lf'm 1mm1m 

5 lJfl./l1.J 

2. 1 tr-rn1:f1i1iaU B~fiu t "J~ fl'J~Vl n u·rdw 1 w 
" . 

"" d "" d c 

'11'1J~ ll <i ::;'IJ1t1'YI rn lil'il1flm1 l VJU tJ11Jl'IJ 8~ m1 

1"lf'mflrimH&it1'l81'11il1 u1rn::;i.rn 1tl'm 1u 
' 

'IJUl(i) 5 lJfl. /l'W 

3. 1"lf'ffl1'11 Paget's Disease 'IJ!Jllill'll~ 
ttu::;tl1?ii8 30 :1Jfl.11u tllunci1iilmlii8ou 

8U1TW81'1 2 t&i8u m1:llm1iillilm11JVJ<1 

m1f fl1'!1m1::;m'ililrn11 tl'm SflVJ<l~'illflWu 

i1mm1'1J 8~ L 'lflfl<lu m 1 ll:il1"11'11"lf''llm\ill'l1 
Qj • "" "" m1:::1::;1'1::; l 1 <11 fl11'lfl1'11l'll1.J l\il I'll flu rn'l 

ffl1'111 u1~1'1~ t~:wmu 

~!""'""'""" .,, .,, ,/QI d 222325 
u!]fl'll'll <UJ'W1.Ji'if11Jl'l1<11.J ' ' 

rr~ 1:i.Jii rn1i'lfl1'!1 fi~ m'ltn\iltJfin~ -

ma:wwuilfi'um1ih'l\il~lVJd~ b\ill'JLQ'Wl::: lllii 

risedronate 1:i.JtJfl metabolize illl'IL1.J~1~ 
" 

1 ,d .~~.i: 1' 
flll'I lt<I::; 1Jlll1.Jl'l11.Jlll'l81'11Jl'l~lfl1.J 'lf:W 

cytochrome P450 'lu~u 1'11'l'l1'm\ilrn1ru 

~ d 
flu m 8 u 

fll 'l t ·1h' 1 IJ fl Ull fl '1l:ill'JIJI1'11 '1 \ii 
dtj • 1 v 

fl'l\il /l'll'YllJ divalent cations 'i)::;'YJ1 Vlfll'l 

Suvara K. Wattanapitayakul 

\il\il~IJ risedronate i:l\ili:N fllllL'lf 
" 
risedronate fmnum'lfm,n!il1mrn11:wu 

( rna 1\il'll'ilU) 1vl'trl 8W'il11ru·lL i\ua:ww11 

<lllJl'ltJLi risedronate ~11JtlUl'l1 

v111.J fll "l ii mau ~1:i.J1ii m&i l'I'> 8 l'Hil (non 

steroidal anti -inflammatory drugs, 

NSAIDs) 1\iJL1711'11:i.iiim11'111iqYJt.iJ1~lfil'I~ 
d = ""' o'"'>! ,x v 'I.I.:: 
'YI tfl\ilvlfl<il\ill'l'l81'1\il:wmfl'llu Yf~ilttluw<i 

S ~~ 1 dtj ".'I 
'illflfll'l1>1fl1HYll~fl'11.Jfl 1.J"J::;!J~ 3 'YllJVJu')tl 

" 
rnci1tl·n:w0tJ!il1tJ wui1 m'l'l"lf'mtl~11Jnu 

" 
LL 8a1 w ~ u LL <i::; tJ 1til 1ufl11a flt au ~1 :i.J1 ii 

m&il'l'lBl'llil'~u 1 1:i.J1'111iq'Ylt1:i.Jw~ 
nl o'.JQJQ~""' ,,!,% 
u'l~ <I~ fl 'YI lfl\il'IJ1.J flU'Yll~ l\ill.l ill Vil'> l 'W lJ'1111 

c q'Ylthiw~tJ1~a~A'tn\il?i'u 24.5% trl<11tl' 

m~1:wilu trlmril'lunu 24.8% Lrl<11tl' 

lLO<f 1 'W~1.Jti"J8 NSAIDs mh~t&i1'11) el\il'J1 
= w~.J<>J"" 

fll 'l L fl \ii 81 fl1 'l'111~ l fl l'I~ l fl tl1fl1J 'Vil~ l \ii 1.J 

ill'Vl1'l L 1.JVJLtl'm risedronate hiLl\ilfllii1~ 1 tJ 
" 

'il1flfl~:wr;J'~1il' H2 blockers ll<l:::/VJ"la 

proton pump inhibitors (21% 'IJ8~r;J'~t'51 
~i:w 1 um1flfl1'11 t1l~wi:1il n1::;t1::; 3 'il1u1u 

flll 5, 700 AU) 

i;J il Iii a fll'llil'l1'il'YI 1~ 'll'il ~tJfiuiil fll'> 

L {j 1.J ~ 'Yl'l11J l\il l'J Yi'11tJi11'11 fl <i' lJ • 
bisphosphonates iiVJil'l1Jfl11.Jfll'l 1tl'm"J 

a{ 1~ ill 'W 1 u fl":;::; \ii fl (bone- imaging 
" 

agents) ll \ii' rr~ 1:i.J ii fll 'l i'1fl1'11 VJ Gl'IJ fl~ 

risedronate l\ill'ILil'Wl::; 

!3 - ""' 23 
i;J <I fll'>~I f11'11'Yl1~'W1'11'YJ tll 

Afl1'l11uaw{YJ\il'18~L\ill'l l tJ"ltiu 

t Vitiu'llm \il'IJ a~m t llu'il1u1u l vi1'1J a~'IJ1.J1 \ii 

5 :w fl. ~1'1l1u:wu1'1U L\il m tJ"ll'Jrn Vi t1u'l1 fl vl'u 
' 
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~iJ11u'l'IU11'J l.Jfl.!lil'.U.J. ati1~ hnlil1uiJ~ 
1u' L ll u~'Yl11u LL ti~lilil~l'l11uat1-Wul1'11 a~ 
tll'HOlilWU l mllili''Yllil<tB'ltlUtlloLOlilWU 1 u 

u fl ri a w'.I ei au 1uw1> .ri' 
wu11 'l'IU'lll1'11ru:~'lmoti'~1iilfu 

" 
mtlill'Jrn11tim~1.hn1u'llmlil 7.1 ua= 16 

l.Jfl./fltl./llJ (-12-30 L'lil'lleM'lllJllill'Jl 5 

l.Jtl.) 1ti<in~iltl1V1il'nii11L~l.J~u mimm 
" ' " d1 •• 1 • '1111'YI lil1utll lJ'llUllil1lJ<I: 80 l.Jfl./flfl. 

(-162 t"Yi1) n5ui'.i~rnih111'V1uu'lmnlili1 
" 

tl1V1il' tli:llili:l'l wu11V1u'1111'llru:~~l'lo'lil1 u 
" 

~1iil-!rnn1u'llmlil 7.1 un.11111. (-12 
' 

L "Yi1) ilm'lL Vlt1'il1u1uati1~ilil'm!hi'lty'll<M 
• ' 1 .,,,d ~ "' .J (lJ 

lill a au u l'ffrn'YllJtll'li'l'l14m:liltl'Yli'luan 
" 

fill Ulil'Yl14Ul.J1flll'l'IJil~LWlilllJU1tl (cleft 

palate) 1uiil1eial.J'IJi'l'l'l'll.JLWl'Hi1mda 1iilfu 
" 

m1u'llru:~'lm'lil1u'llmlil :>3.2 :wn.11111.1 

• ( ' d1'fl < 11..J 6 L'Yll'IJi'M'IJ'Wllil 5 l.Jtl. YI 'llb'Wl-J'WUl'J) 
' 

hi wu 1'111:w iJlilun iii'll il'ltll'l<1f1'lm:lil n 1 u 
" 

iil1eiau'IJ84 m:ii111'J'll ru:~4 A'l'ln~1iil-!rnn 
1u'llmlil 10 :wn.1nn.11'u (u'l:mru 42 

L"Yi1'1184'1JU11iltll 5 l-Jtl.) 

'il11..J1lJ 14 'lll'J iJLLTI'l 1 'lll'J LL<l:A<iillil 

rial.Jfil'l'l"Wlil 1 'lll'l 

' a °"' ,,, 
eJ II f1I fl WU I.I fl!J WU ti 

Lda 1 '11 l'l11 u1uf uu'l:'Y11mtril1u 
" " 

Lwi'!L:ill'l wu11mll.J'lll.Jllil 16 :wn.1nn.11'u 
w 

(3o t"Yi1'1Ja'l'll'Wllil 5 lJtl.) iiuail'uu4rn'l 

liln 1'!i wu11iim'l<ililf11'lW'liil1'1Ja~iil1eiau 

1 lJ A'l':itl Lrlilll'WL Wi'ld'fo 1iilfum l 'W'IJ'l.Jllil ;> 
" 
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7 lJfl.·/flfl./llJ (12 Lvil'llil~'IJl.Jllil 5 l-Jfl.) 

i;hw 1mmL wi'Ji:Jwu11 l'Jl'lll.Jllil 40 lJtl .1 
" " 

nn .11'u iJ u<i'1111 ti'Lfi liltll"lam<1rnLa:il a 

'llil4<ifliru~=u1:ni:wV11a1i1tl1a<1ij 
" ' ' 

(testicular and epididymal atrophy and 

inflammation) tll"lN <J'llil'lBru~=nwu 11il1 u 

Mm wi'!i:J~1iil-!ul'J1'Yl14u1m llm1a1 13 
" " 

aulil1M' 1u'1Jmlil 16 lJn.1nn.11'u '\1111 

f11':i~f11111 "W<fU'IJWUl1 iim"liJU~4f11'l<lf1'l 
' 

aaijl1'14'il1n1'1mLllun11 13 aulil1M' 1u 
' 

'IJ\Jllil 8 lJfl./flfl./llJ AlllJ'J'IJLL':i'l'IJil'l 
' 

A11 lJ Nlilun ii\ L mi1d'i!:L ~ lJ~1JlilllJ'll1J11ilm 
.Jd.J' 1·d YILWl.J'IJlJ LL<J:"l:tJ:L1mf11"l lltll'Yl1J111J11J 
,¥ 
'IJIJ 

e.ian111 tluflnriau~1 '{f~ 

hi w ui1iiLif84 am fi lil~"W a ti14 ii-W l'l 

a 1 i'J tu 1 u VI 'IJ 'II 11 L W i'I L ii l'J ~ 1 lil" .?f U l'J 1 
v " 

risedronate 1"W'll'W11il 24 l.Jfl./flfl./l'W 

(-71 L"Yil'llil'l'll'Wllil 5 :wn.) L1'lw1m 104 

aulil1M' ri1u 1 uMl.J'll11L wi'li:J~l\ii'-rum 1u 
" " 

'111..Jllil tilimnuwu A11m \'Juwua'l ~'lMl'llil 
" ' 

m'>~nu111..Jau1i11M'~ 94 LLa: 1:W1iiltl1ua 

f11':i~f1U11 Ul'IJl 'IJ'Yll'l<ffliii ri1'1Jf11'j~fl111 l lJ 

ll'WtltJgm ~'ll Wi'li:JLrn:LWi'ILiim \'Jm1m 
" " 

'IJ"Wllil 32 lJn.1nn.11'u (-6.4 t"Yi1) 1:Wwu 

' . ; 
eJ 11Wflfl1'.iflll1fll'll.lti 

1:Wwui1 risedronate ria 1-iLfilil 

A11 lJ L \'I uwulii a Eu iil1u fll':i'Yllil <f illJ fll'lri a 

fllll'JW"Wli1"WLLUAViL~tJ Salmonella LLa: E. 
' 
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coli fll'J'Yllil<lau 1 m"lfa'1'11ili'L~u";;in!ii'1u 
• 

.Jq • 
tll-J 'YIL'JUfi11 CHOIHGPRT assay LL<t:; 

fll'j'YJ Iii <!<JU 1t1L"lf<lol~1J LL ;;i:; L "1f'1'11 '1J fi'j:;li) n 
• 

'11<l4111t1 u!iiwulil11:wil1i1tlnw'11a4Tlil.,11J h:w • 
1t1L"lf<Jol CHO Lrla hi' risedronate 1mimlil 

riL1'lt1wti iia m1m"li:w"lit1mnn11 675 

1:w1fJ'rnflJJlJ<l. (L"lf<lol'lellil~'llil 6-7%) 
• d 1 . dq ' LLlil!lJeJ61il'1Jtlllil1J1'14 U"1f14'Yll-JL"lf<J<l'l<llil 

~'lliltl1:;mru 2 9% 1iJwum1mll1m1a~ 

Lfllilrl1J 11il'lfo 1"1f1J 

'lla'11'1lJ 1'1i 

.J~ ii1:; l1i u LLlil <i L ;if 1rn 1t1L~aIii~1 
• 

(hypocalcemia) N~nwri1t1tl1:;nau1mnd 
• 

1111a1iJ <11:in1tl~'iJ:;1lt11111atl''llil1" 1 Iii' a u14 
• q 

tlflU 30 l.11'11 

-if fl fJ111~1~ 23
-
24 

T1i!uit1 ltl11'11 m1fnli1Nri~h:;!ilu 
• 

LLAm;ifu1J1m~alil~1 (hypocalcemia) 1111a 

ii 1'111 IJ il liltl n w1 ti m:;u1 ti fll '.i LIJ lil11J a ~;glJ 

'11fl4Ld511il riat1~'i1:: 1'1fm risedronate fll'.i 
' 

1 if u LLlil a 1;if u :w LL<i:; 'llill i'lt1 ~1t1tl~1J1 ru 

L WU4W a L 1'lt1il'il~ui111'lru 1 t1 rn1fnm Nthu 
v • 

Tlilmuw1:;Nu1umi1J Paget's disease ~ii . ' 
m1<1f1-;iua::<1mum::liln 1ueJlil'.i1~<14 t1an • • 
'il1ndliJm11'1i risedronate 1t1~u1uTw111il 
'.itllL'.i4 (iifi1 creatinine clearance il'aun11 
' 
30 1Ja.1mii) 

m 1t1ntj1J bisphosphonates 

~ d 4 

a111111am<1u ua:; LLt:-J<l'YIVl<talilmm-:;111-;;a 

m::Lw1::mvn1 m1m~m lu4'11'14fl1'.i 1'll'm 

Suvara K. Wattanapitayakul 

1t1ntj:wii'LLa:;mrn'J!ii14 'l ~mii1mu'11ift1 
L 1'1t1i;rn1J1'il1 n11 u41u n11i'lnti11 t1-:;:;u::w1 

lil ~ U fl ~4ii'11 l-J fi4 U1 ~1 L VI iJ risedronate 
• 2 

lil1U 
., d • q d 
tll t tl\l<llflUlL WeJBlileJlfl1'J'1114LlilU4'Ylell'il 

'iJ:; LO lil~tl LlilU .J ti 1u A11futl"J:;'Yl1t1 m 
• 

w{a1Jnutl1~ lJLt1tl~:w1ruweJLWU'I 
(ti d d • , • 

-;;:;mru 120 :w<i.) LWfl'Yl'il::n1uit1rn1m 

a4m 11111tlfi4n1::L w1::mM11 ua:; 1iJA11 

LeJtltleJtlillULtl 

ti 1:; m t1 m 

1 u urfl'.ii1 r111n 

30 

iJ411J' ii m 1finli1 au'14wa L wu4 

'11111furn-:;1'lf risedronate 1t1m1111llil'l'.in 

u!ii t:-J <!'ill nrn1i'lnti1 L t1 <l'lili''Yllil a a-;i\?)4 mii1 

"li14vf t1 Yi11 M'vi' a4w<i111ru1au14-:;:;iJli)-:;::i'4 

L lil u ii a La1 t:-J atl1:: Tun if <14 <Iii! LLri wu1u . ' . 
i lJ fl rfl '.f1 if lJ U'!J rfl 'i 

' 
lil'.i1'i1W1Jm risedronate 1t1tl1t1:1J 

VIWllULtl 24 BIJ. Vi<l'41ttm LL!iiiJ41iJiirn1 
• 

i'l n ll1i1 IJ rn "Jilumd a a fl'Y114tl1u1J1JUtiU 
' . . 

L ii eJ4'il1nm111a1unil Iii llnilu a a n'YJ14tl1u1J • 
d • .J'q "' 1t11 • d LLGl:;L '1.184'i11fiU1fl<JIJ'l.ll-Jlil111JLu'l.I lil<Nl'I ' . 

'il::ri a 1 'll'LiililqriB"li14 LAU4!iiam-:;n \?)4if u 1 t1 

fll'.i 1'lfmfi lil1'.iW'il1'.itlJ1VIUlilfl1'.i 1tt'l.llJ1Jlil'l 
' ' 

1111a111ulilrn11 'll'm ~"d~uauilutl-:;:; TuniJ ' . 
<14<11il~wu1u'iJ:; 1!ii'fu . ' . 
eliln1if iinnrhnu11eN lrflumv:fo-J 
v 

L~eJ4'i11nmtlniluaanri1411il 1u1tl 
• • 

L~IJ ~4him-;;11'l'mii'LLDNU1U hA 11il'l'l.ILL'.i4 . ' 
.J _,. I • ' !II I 

l'l!Jl'll creatmme clearance '1.18Ufl11 30 
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lJ'1. /'Wlii WU1tl hl'l l\il~i:ii'i1 creatinine 
u 

clearance 'l.h~mru 30 lJ'1.!1J1'Vi 1h~-

iil'YlllillWfll'JOl~\iltlli'li'ln'Yll~ 1\il'1\il'1~ 70o/o 

LL~hi :IJ l'l11 i.rii1 L \'Ju lli' ei~llfu'llm \il'll a~ m 

tT~ hiiirn-,f.lm11m1iill;;i a \iltltJLL'1~ 

ll"l~iil'YlliN'1'11a~m1 uwtl11'1 t '>l'liilu 
u 

l]'Yltlaiw'>lll.,~a-ifi' 23,2• 

'ill rrn1-, f.l fl'U1'luwt'l1t11-,l'l fl"j~\ilfl 
u u 

WTW'111J11JlJ1flfll1 5, 700 l'l'W LU'W'l~tl~ 

nma~a\il 3 tJ l\iltJli'1 lllN'1.rfum:IJmrn1 u • u 

1ii' W~tl'l~<I~ l'l°1ii 'l'W LL 'l~ 1 'W'Ylfl'l~'U'U'll fl{! • • ' -J'1w ,,J1•~ w• 
'll~fll!'J LL'1~Lfl\il'll'W 'WBl'l'll'YI fl'1Ll'l1Nfl1.JN 

u 

U1 tJ~l!ilfum'YI '1 i'l fl a1u B l'l'll fll'j LO \il l]'Ylll 

1i.iil~ll1~a~i'i'~n1 'l ll'W'u1tJlli'a~'YltJ\ilm iia 
u • 

14.4°/o 1um'1iiwtl1t1~1.rfumti'1i'lfl LL'1~ 
• u 

13.5°/o 1uwt'J1u~l!ilfu risedronate 
u 
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1 .,,,.J "" 1· ,,J 
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• ~ ,,J 
B1f11"l'll1~Ll'llN'll1Nm risedronate LlJ<l 

LntJunui'aa<i~ 8.2 'IJfl{!NU1tJ~1.rfum 
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mw'l~l'W 1 u f11'l<l\ilil11~LLl'lm'llt1ii~1 ii a 
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Cimicif uga racemosa : for Management of Climacteric Period 
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Premenopause Menopause ~ostmenopause ----------------- -----=------------

Gonadotropins 
LH, FSH Estradiol 
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d .Jtl~ .J 1·· tr flfl'11<11 Ell'l'llYI !J L<l!'iYJ'iJ:: \ii 'lU i".Jfl'l tlJ'llYl\il 

11 YJUL dfl'l'illfll'11llJ hiiJu L'il 1 Ul'11llJtliiifl\il 

tlEl'llfMtll1Ell 'ilfl l-lil'illflfl1'l<fl'l1'il~vh 1 u • 
<l\i1~1u11lJ\iltl'l::'ii11~flU'ii1u1u 2,500 'lll'J 

vrni1 20% 'llfl~<l\il~1mhif11u\i11'1l'<Jfl1TlJu • 
YJ\illl'VIUmu1u g 1~flu 1dfl~'il1nn<i'11uu 
lJ::L ~'l 11<1:: hi W fl L'iJtlUfl1'liitl'l::'\i1 I~ fl'll an 

Elfl 10% t'lf<ffl'lllJ'llYl\illlYIUILUUh.i\'ifl 

1dfl~ 1uvru::~ 20-30% 13J11'1u1'1l'<Jfl'lLlJu 

I <I l'J
5 <l\il"iu1~ l'l'll 1 i el fl'l1lJU':i1lJtlU I'll 

ill-I'll h~'l Iii!:: 70% 'llfl~<l\il"Jlmhif1iJ11,J'J • 
1 • ' 6 '1111W'Vll'JYl'llU 

fl 'l:: LL<lfll'l 1?1ill-I'll1 W'H ~ flf fl 1'11 • 
fll n1., 11lJ\iit1-,::'ii11~ flu 11"ifl1i.,,1 lJ nu 

i".ffl'lllJ'llYl\ilUYl'll,fuo1a~1uu~ilul-lnumn 
1 u\'i1~tl-,::rnl'l ~'l 1 uu ht111<1::mlJ~fl1milfl • 
I ti lJ l'll'lll \ill l1<1::'111f~ fl LlJ~fll llaJll~l U 

tl'l:: 1YJA1 Yim fl'll'111lJau1"ll1alJu 1 w'>vf u • • 1· .J • • !'I ~ 
Ul'lllJl 'lll Wfl<l'llillWfll<l~fll'J t'llfl'l::IL<l'lll'JlJ • • 
ii ill-JU 1 W'l'11 ill Eltll1~~\il I U U I'll II <1:: fll '11l'l • 

"".J r:1.J,..., ''V 

L<l'llJIWfl<l'llillW lu'llYl'lll<l~lfl\il11 liJ • • 
u~Lill'l<i1u1m!)1'511"1mrn'li1a1ju 1w-,t11 
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I ,J'c:j:,,,..., .J J 1 I <OI' W 

L 'H Gn'W fl l.Jlil11'Jl 'YI 1l 1l fl q 'YJjjiJ ~I 'll'W Llil El1flu m 

i5'Jui!i1a:J.Ju 1 w'iUl'l'llillil 'ii~ 11ii'fum'it11ll.J 
' 

{ u 'ill fl A tu~ fl 'i 'i l.J 111'i81 'Hl ':i U a~ tll'll il'l 11\il 

a~th~ I 'Yli'I LlilEJ 1\ii'fufll'i'illil'Yl~ 1 Ul'l'W L \'I mn 
.:Id "" 'II " i::: ,,,., 1l m 'Hl'i L<l'il.J ua1LLa~'ll1l m1:J.Juu um 1111 

lJ'n'il~U'lu<lnii'l<llil'il'll 'li'l1i ua~tl'wiilil • • 
uti'1nlilll.J uliinu'l him:J.Jl'rn 1'11m1:J.Jitu h 
1 u q 'YI t LL a~ ti ';j ~ a'YJ fi w a'll il'l fll'lf fl 1'111 i 

d .. 
L 'W 8-'J'ill fl'llllilfll':ilil'i1'il'18U'Hll.J11il'l;<j1'W tN 

ti~ l.J 1 tu~ LL u' 'W 8 'W 'll il 'l '11 'l ~ii tJ 'YI BL 'W 

<ll.J'W lw1Ju 'l iia:J.Ju 1w'lul'liil1~11ii'fum'l 
' ' 

·1"1•d 1' ll'W~'Wl 'H b'lll'V'lilU'l'lb'Yll<llfll'i l.J<IU1Elfl1EI 

11a~ L'il 1 u11'1'lnq&l'llil'l~'llil U'ui11 \'luiin 

.::Id ,J .J ' ,,,:, "'""' 
'Yll'l L<l 8 fl'H'W'l'Yl'il~'ll11'11'V'll.JAtuill'V'l'll11il'll1l'J 

' 
<llil~1u1u'YJ1l'l~1i.im l.Jl'lo 1\ii'frnrn{[:J.Ju'Yllil 

. ~ 

Llill'W l.J'H'lil l.J Iii an • 
<ll.J'W 1 w'l'illfllii1'ltl'i~l'Yli'I Black 

' 
Cohosh 1\'luiil1'H~'l~hlfu111'it11l:J.Jfunu 
l.J1u1u '11a11'1auu i11i1~1l 11n illfll'liil'l 

11~111\ii' ii111111u11:J.Jwam'lfnmua~'ill'I 

'll 'W ii'l t1,, ~ a'YJ fi ill 'V'l'll il'l l'Jl 'YJ1'l A ii il 11 il l'i l'l 

L U'W 'i~UU LL<l~ii'lltl'll'W fll'i A fl1'11 U'lA11l.J 

A- 1 dlw< LU 'W'V'l'IHLa~fla flfll'lililfl!]'Yl5 'W'11il1 

"' . t ' 'l .d 'Yllilail'lLu'W'il11.J1'Wl.Jlfl liltltl1'111.J 'Hqj'Yl 

'l 'li'Yllil'18U I U 1.J <ll'l<ltllil~ W11.Jfll'ilil'i1'il'18U 

lii'1umlil'i;<jl1.JmL1<i'1 wiilililtu~~11ii'fum'l 
l'l 1l l.Jfui11iu'l'lL 'Yll<llfll'il tl~um1 tla'l'Yll'l 

~l'l mmrn~~lil h 'l mh'l11'1'Yl 1l'l 11ii' wa 'H~il 

'11l.Jl'lt1Ul m 1i~1l.Jnu111'i1 i !l il'ill.11.l'Yllil 

IL 'YI u 1 i <ll.JU 1 w'ldt u u w iililil tui 'ill fl 
' 

ti w .. d 1 • - "' d .. d 'i~ L 'YI i'lltl il'll.Jl.J 1.J 'll'l Iii W a Iii Lu 1.J 1'1.l'Yl l.J'll 8 

fll'l~111 Remifemin ® 
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Black Cohosh ( Cimicifuga racemosa) 
.<>! .d ..,,. rl ' 

l.J 'll fl L 11'1 fl 'YIH'V'l !] fl1'fi'll <llil'i 11 

Cimicifuga racemosa Lta~ii~m~l'lfl~l.J 'l 
L'liu Black snake root, Rattleroot, 

Rattleweed, Squaw root, Bugbane, 

Bugwort, Cimicifuga Lia~ Richweed atj 

L1.J1'll"f Ranunculaceae 1-'JA'lil'l Hele­

boroideae 1\'luiil'll<l'ltl'l~l.Jltu 1-1.5 ll.Jlil':i • 
ii1umfl iililaflam11\'lu'lia m1 30-90 

'lll.J. iifl~Ulilflfl 3-8 flau llill'l 1i.iiilii1lmi'1 

rnu 1 m~i<lumfl!JlAl.J ~fl1'ftu~'ll1l'lii1iii'u 

1iii'ilim1~'l!L 'i'l 1umL vi'lflal.J mu1'111~an \'lu 
ul.Jnilu a1u'lJ 8'l'l1mumL vi'llil'i'l 11~'111'l'l 
' 
aJ11il1a~1 Ulilfl'HU<l'illm1'11iii'iliu 'Hl'llu ii 

d ' .d ' ~ 
mal'll.JLLa~'iil'l Ll.J 1l Wl'llfllil1l.J'll11'l'il~L 'H'W 

" ' 1uu3tlii:J.Ja'l111 1 u'lltu~~ii1iii'u 'liii'iliu~ w1 

lilll.J'll11'l'il~iiLLfl'W 1ua~lol1ll.J'i1lUi11'11'l 1iJ 

d .. 5 ' w 1 "' 1 ' 1 ' .. 'Yll.J<t'ill'lfl11 afl1'ftu~ ULu'W u~ 'Hqjl':il'IU 

11an\'limufl tlml'liillil' 

a1u~tl1m 1i1 U'Wl'll L \'lua1U'l11l'liil 

iii'u1iii'iliu~'liia~1 1La~11fl~Wlil1ll'i 1'1iltii'..f'l • 

LL'l'l<i'lftl!Ulil 

81'1°1 u ti 'l~ L 'YI i'I Al 'Wl lill IL<l ~ '1'11 {'ii . ~ 

m:J.J~m tlaflmn 1 ul'I htl11a~1m~tJlilil'W . ' 

a1utl'i~fl8U 

<ll'l~ Vl <l'i! ii' 11<i'1i1 L U'W <ll'l BB fl (J'Yl t • 
AB triterpene glycosides 1iii'11ri xylosides 

actein, 27-deoxyactein (1(!3tl~ 2) ua~ 
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(phenylpropane derivatives) L'li'W 

isofernlic acid, salicylic acid, tannins, 

resins, fatty acids, starch, fat mi~ 

7,8 
sucrose 

1h~1'iiim':i 1'11 Black Cohosh 

L ti 'W ~f ~fl nu &J ll'1~ 1'litti'W111 l.J1 df ~ 
" 

Supatra Srichairat 

'11il1':1Tli~ 1 7 lliltJ R. Morrison 

1 ~L ~tl fl~B'Vll~ ~ q fl1'1'11 <llil.fv eMWVVU lilif i1 

Christophoriana canadensis Ll'1~L~l'lflil'Wi1 

.Wnvei~A~<l11iltvla{ w;iU'il'ilU'W 1il11il'1mleid 
' 

LLGl1 1 ui1'1iii''W'11il1':i'l1'1~ 18 1iii'i'.im':in~11 
~~mrn1~w11if1u American Botanic 

' 
Q Q 

Garden VB~ John Bartram LL<l~lHV!J'W 

a1l1u Materia Medica l!iltJ Linne 
" 

~tl~ 2 Li'l':i~<lfl'l'Vll~Li'llJVEM triterpenes ~3Jatj1u Cimicifuca racemosa® 

1 u <l &J lil7111 elllJ~il'W a 'Wl ~fou LL<l~U fl 

'11ei1ru1ui'llJ 1'1i<11':i<lnlil'illfl Black 

Cohosh U1'Yl1'u1n1'11 hl'l'Yl<lltJ71Ulil 'illfl 

ti'l~<lu m-,ru1 'lf1um'lfn1'11 t., AU11illill lJV a 
.I • .J' U ~ 1' u1111nmmumrn~ ':i~<ll'YI ':ifl1'11i'l11lJ lJ 

<1u1ue111u1tJV1lJlil1~111 hlilm~<1iiiu~n'lf 
" " 

li'1 '1 1ti9
'
10 

Black Cohosh ttlulii'1ma1Af]JL'W 

iii 1f u111LLf.J'Wt1J':i1 ru ~1 'll'f fl1'11 a1 fl1 ':i'i'I lJ lil 

tl-,~,h t&i au er~ t 1iu~f~ n nu&ilw~eii1 
" 

Lydia Pinkham's Compound 'illflf.J<lfll'l 

i'inm'Yl.Nlilaun 1 mu a1aTu~tw111~ 11'l't ilui1 

<ll'rnillil'illfl Black Cohosh ~Yi1ttlUl'Jllt<l~ 
h~am'lA'1i1 Remifemin® 1'1l'uri'mm1 
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{ B1.J11J11ULLGl~BT'ilJoJVl~lilVl°:llil 1iil t>rniiiflil . ' 
UlVIG!Bfl LLGI~ 1Vlwmvi1LVJUlJflULBa111rmrw 

'llUlillilB'W~Lfllill'W'll'Wllil 0.625 l.Jfl. i'htVfii 

lil11l.Ja'Wt'iltl1u1if lJ1t~nualil~lU'YIB~l.llfl 
.I' 4 
'lJ'W 

i!T><l n lil :in lil'>!jl'W~l11 t llu m 

1umJ1 100 l.l<l. U'l~flsuiil1uiil1 
Ulan lil~1!il 'ill fl m 1anlil 'llfl Cimicifuga 

racemosa l'WBlil'll<h1.1 1:5 (m1~1~anlil 
LlJu ethanol 50-60% 11iluu'lmlil'l '11u1u 

12 lJ<1. Lnurnvi1num 2.4 fl{l.Jll Ldsl11 

LlJumL~lilLL<.11 rllVl\JlillV11'W 1 L~lilii'11u 
,, • d1. • 
u'l~flB1J'lJi'l'llil1UlYI lil'illfl<ll'lafllil'lJB~'llfl 

Cimicifuga racemosa '11u1u 0.018-

0.026 l.JGI. (0.78-1.14:1) llilti~LVltlU 

Lvi1nual.Jul-w1'11u1u 20 l.Jfl. mail1i1iil1u 
' 

isopropyl alcohol 40 % llilUU'll.Jllil'l l'W 
i;; "-' _,...J .J ""ii IV 

UlLl.JlilU,lJ<11'Wl'Jill.JB'W 'l Bfllil1tl L'li'W l'J'I 

L'llG!GllGlil LLf.'IAllila ll.Jl'Wcll'Jllil'llil LLU'l'illfl • 
:Wul'l~'I LLlJfluL1JulJm&lm1lil tl1:Wmuu-

Lus-lii1.1~ 

'1lmfo1"1i 

Blfll'l hJau1uiil1 tu1~u~ tflr.i'11l.llil 

'l~lil L'li'W fsu1u11u • • 
~ 

Ufl&i 'WB'WhJml'u mnum~11u LL<l~l.l 

-~ • d ,, ,, 
Bl'll.JU!'lll.J Llil'll L 'W B'l'illflfl1'lu'l11JLL u'l'lJ B~ 

llB'lllJ'W s1m1 li.Jammia1.1iiu1~'ii1LiiiBu 

luBiiililLAUAAll Black Cohosh ii 

t]'YllJ dJ 'W ll B 'lllJ'WL Ba llil'lt'il'W vl Bl.Jl 1!ilnl 
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IV ' "-' \ll 

fll 'llil'l1'\la B ULW 1'W1J11 <ll'lafl lil lil 1U 

tLa GI fl B i"l 8 ;;{ i:< al.Jtl l 'ill flW'll'llU lilif1l.l' ii 

llfl'lllJ'W'illflW'll L'li'W formononetin LL<!~ 

genistein 
12 

'ill fl fll''i'Yllil<l B'l l 'WVl'W 5u<5' m 
• 

LL<1~V1'W'll11~iillil{'l 1'1iasflu<i'1 -wui1m'l 
• 

an lildhJ ii '1 YIBLL UUL B<l llil'l L'il'W~ii l'J<lvl B 

'illflfll'j 

1..!flfl~l~flltl -wui1m1anlil'illfl Black 

Cohosh 1i.Jii i:<mL 1JULBallil'lL'il'W~v111 VlLfllil 
I V ./ \ll .... .J 

fll'l LL 1J 'I lil1'1J B' L 'lf Gl GI Llil 1 'W l.J lJ 'W'IStl 'YI L 'Wl ~ 
' 

J' ' "" ""' "'OJ ~ ' Q,I LG! u' LLlil fl GIU l.Jtj 'YI [j uuu~ fll'jLL 1J~lil1'lJ B'I 

'14 d • 1 
L'1iGIGI l'JGlfll'l'Yllil<lB~'YIYll 'WVl<lfllil'Yllil<lil' 

LL<lliNlVILlit1i1m'l'1fllil'illfl Black Cohosh 

ii 'J 'YI 111 u mi 'i u nu iil1 {u'lJ B~ La a 1m L 'ii u 

LL UULL'li'l-if'W (competitive antagonist )9 

1iilil~ii'uil1'1:Jl'W 11i1qY1llt 1.1m'l<ilil 

Bl fll'j 1i.Jauiuiil1'illflil11~VllJlilU'l~'11Liii B'W 

L'li'W fB'W11J111J • 

L~B~'illfl'WUll Remifemin ® v11 tVf'l~~1J 
LH 1u-wmai.J1<1lil<i' uvi1i.Jiii:<<inu1~~u 

FSH 1'WVl'W'lJ11LW~alil~~.J1iillilLB1{'11'1i • 
B Bfl

1 
'"' u\il t:<Gl~'WU'illflfll'lAfl'ISl'Yll'I 

Aiiilfl'IJB'I Lehmenn-Willenbrock and 

Riedel 1utl 'W.lil. 1988 1~ui1 1i.J-wui1il 
' 

"" wn'I J..., v 
fll'lfllil'l~lilU LH 'llfl'lt:<u1U'Yl'lfl1'111il1U C. • 

al 17 ' ""' OJ racemosa 'Wl'W 3-6 Llili'l'W L'll'WLlil!'l1fl1J 

i:<<i~1i 'ill flfll'lii'' Lfl lil 1 u ff l11iJ~1i.J -wui1ii ' . 
'l~~UllB'lllJ'W LH, FSH, estradiol, 

prolactin, SHBG lilf.'IBlil'il'WA11l.JV11.Jl'lffM 
d 1l 

L!'JBUl.JlilGlfl ' . 
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~ ., ti d/ 
!14UlJ11J uuun1188HqVIDB84 

• d 
'111'101'1\lln'lln C. racemosa WWU\l1Hfl1".i 

~n1'f11 ul'11.Hln himMT'.if181iuiu 1imiu8u 

u\;]!JauiJ1'1~1u 1111 m1an~11im'ililqni 
u Uut8<lL'11L\lU 1'11 udlHL~8U14"lllJVJ il 

fflllJVWltlllJ 81iu1un<11nm18 8nqntTV1u 

L tl~UUL Yi uu nu f,J<l 011AH1'11 L UW"ll~1ni 
Lfltl4tlU LiUN<lfl11AH1'111wmu1 W1~U~8 

' 
Shengma ~4Ll'iu11n"1184 Cimicifuga 5n 

""' d • "" ""' .J'"" • "llU VIVIU4 WU11U1\lU"lJUVJUlJ f,J<ll'J 81~UU 

t11~a1n ri1u n <114 LVI u~a11ai\'V1!ii''lutl1 
\lln11nilr-J<i\;]81iT1fumH?ih ll'lUU ( 5-

) 1• 1 • ' HTlA \l1HN'1011'V1'1<184 U<l'1'l'V1'1'184 

wu11m1anV1llilq'Yl5'uu~4m1~8t11::m'Yl 
dt ') 4 1 9 d1 v v • 
"ll 1b'1UU N<l'Yl Vi<l8Vil"l'184HUN'1011 

fn1'f1'Yl141"l ~iJn~u<lVJ41 iL i!u11m1anvi 

\llH Cimicifuga racemosa i1u<ivimm1 

~ • 1 •t d • ' I! ' ~I "ll!JLi'l11 VI VIU'Ylf,J<IVJ40'111UU'W1\l:;LuUf,J<I 

df,~tl' '' 2021 
\l1H(j'YID'18\l'1 ".i:;<fl'Yl8U148 8U 'l ' 

.J' <I.I I <I.I u BH\l1HUU4WU11'11".i<lHV1\lln Cimicifuga 
4 d/ 1 dd racemosa <lllJl".i!lL<l".ilJ(j'YlD<llJU W".i'YllJ • "::1 v .cii v ' 

(j'YlDLuUU1V11UB101".i'll!JLi'l".i1 L"llU St. 

John's wort (Hypericum perforatum) Lrlo 

1i~11Jilu1um".ifnmm41'1~iln 10' 22 - 24 

ill"l11lJWU1UllJtlUU1'1~1U\;]o ltJfi4 

01".ifH1'11gU 'l 1VIUBU1Uf,J<J\J1Hfl11Amn 

1uwn Cimicifuga nilvigu 'l 5n Liu wui1 

<n'ltl".i:;nou~otj1u·:nnno4 Cimicifuga il 

"' v <V "ti 1 "'25 26 (j'YID'11Ufl1".iBHL<lU un 101 LL<l~GIVJ B , 
.J'..,. .,,, 1 "" 

u B H\ll nu U4 lJ".i1U41 U11m".i<IH01\ll H".il n 

Cimicifuga gu 'l Liu C. heracleifolia U<I~ 

Supatra Srichairat 

. 
".il El41Uf..IGIH11''.in1fl 

tl1:;mruLnou 50 umLL<b~liil 
01 ".i11u ·n lJ".il u41u 01".i 171' m ~li \ll n a1 ".i 

• dl. . d 
<lHVJ'Yl V1lJ1'1".i~1UBB4 Cim1cifuga LWB 

~H1'111'111lJNV1tln~\;]141 'Yl14<l~U~L'l"ll • 
Liu 8101".i 1i.i au1uiil1 L da4\l1n011n101 

flB".illJU Blfl1".iU".i::'il1L~BUlJ1 liJtln~ Liu 

li.i il t11:;'il 1 L~ BU tl".i~'ill L~ ouilil' Bu n11 

tin~ B1V1tl".i::'il1L~8U u<i:;tl".i~'illL~BUlJl 

mmflu 1tJ i'l11lJNVJtln~BB4lU~U 8101".i 
' 

n' ou VI lJ vitl".i~'il1 L~ ou u<i:;l'J11mi4m n 
' 

".i~Vl114iff4 l'l".i".iil"'-32 
Ill n H1".iAH1'111i4 

t11di'Yliifl1WB84<11".i<lilvi\l1H C. racemosa 

1urJu1u111J-it4~u 1,500 11u wui1rJu1u 

il 81fl1".i~~u oci14Lilu1i'lfvi '1Buau 04\;] o 

m".ifnm 1i~fi4~mn LL<i::rJu1u'Ylu\;]om1 

a i\' VJ 1011 u'l::vi'u ~ fi4~mmiu i\'u il L wu4 

u BU".iltl~".i:;ui1ilmm11i.itln~BB4".i::UU • 
..,. v d ,'f; IO 

'Yl14 LVIU 81Vl1".iU14L'iJU1'1".i4 l'l".i11 fl11 

An 1'11'Yl141'1 ~iJ nri1u 1 Vlaj ~ r,hum w o a1t1 

1til~'1li 
f..l<lfl1".iAH1'111Ul'l~UHLLUU multi­

center drug monitoring ~Anm1urJu1u 
704 ".ilU tl".i::Lih.JN<l\l1HcJU1U 629 ".iltl~ 

~ 

d 1' • d !.181011 lJ<IU1U'11 L UB4\l1Hfl11!;VllJVJ".i!;~ 

tviuilmmu~u 51 ti LL<J:; lifum1fn1'11 • . . , 
V11U<l1".i<IHVIUB'1HB<IB<l\l1H11H C. 

~ "" z 
racemosa 1"114'1:; 40 VIUVI 1u<1:; 2 1"114 

'WlU 6-8 atlvi11'1 wui1mm1hJauiuvi'1 
' • d 

'114 'l 'Yl14fl11J ( 1BU1U11U L'INBBBnmn 
• 
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tl11i1ih"H:; 'i'lL'luu ib 1'ilLlil'WL~1 n<1:;V1 
" 

11'8) LL<i:;fllf)l';j hi'11J11'11111'l8l'J:IJW (n'l1<1 

Vl'lli1Vl~li1~1U 'W8'W him1u LL<l:ifll'ltJW~tl • 
L0f1) 80% 'IJ8'lWU11'1~'lnci11:Wmrn:1&i~u 

" 
V1'.i8mm'l~'lnci11V11t11 tl'll<l'l'il111 hHum 

'\JlU 4 atl1i11.1 WU11'J 9 3% 'Yluiilmn 1\il&i 
" 

. 
~ - w 

'l:; Al l'I LA <M-118'l'l:;UU'Yl1'l Llil'W fll'l'll'lLL UU'lf1 

m11u1'l 
2

• 

'ill fl fll'l Afl'Hl 1 'IJ Ailil fl'lf 8'l i;J' U1U~ 
" 

1~nu111'l'iil'ilill'l11:Wm rn'l hi au11'1Ld8'l 

'il111m1:;V1tJiiJ'l:;iiJ :Wmu1mh'l 42-60 ti 
" ' . 

L~8fl~uri1'11:Wml'I ci1u<r'l '1111-nTn LL<!:; 
" . " ,J1 Vq W 1· body mass index 'YI fl<ILAl'l'lfl'\J LL<i:; VI 

fl1'lfn'H1'\J1'\J 3-6 L&i8u Lii11'11ttm'l<rnlil~ 
llll llum Llil'.il'lti'lUl'll L~ii1Vl'.i81'11'1i'i L tl'.il'IU 

" 
q w • 

L'Yll'IUH<lfl1'l'lfl'Hlli111'1 Kopperman Meno-

pause Index 
29 

'lilm'lti'l:;Lilutl 01Vl'\Jlil 1 '11 

\V '"" ' "" fllfl1'l'l8'\J1U11UtJA:;uu'\J<f'll'Yl1flU 4 !Jlfl 
" " 

I d dco1 l \V .JQ I 

1111fllfl1'l8'\J '1 'Yltl'l1!Jli111'1 'Yl!JA:;LL'IJ'\JL'Yll 

nu 1 5'l 2 A1~11iltlArulil11'1A1A8'\JL18-Hu 
" 

LL WA Llil 8 { ~ f11 VI '\J Iii lill !J A11 ti 'l'\J LL 'l'l'IJ 8'l • 
fllfll'l (81'1lU'li1'l 0-3 fau~'l'\JLL'l'l = 3 " . 
n<i:; hi:Wmm'l = o) 'tl1ri1~11ilmu111nu 
'il:; 1\il A:; LL '\J '\J'l1 !JJ'lVI !J lil~'l LL<f lil'l 5'l A11 !J 

1'1JLL 'l'l'IJ 8'l 81fl1'l ( fllfl1'l1'1JLL 'l'l'il:;iJA1 

A:;tL'\J'\J'l1ti!Jlflfll1 35 fllfl1'lU1'\Jflm'liJ 

.l1,,1mvi1nu 20-35 Lrn:;81m'lei8u 1 'i):; 

:iJA:;LL'IJ'\J'l1!J 15-20) fl1Tfo1'11~\ili;J<1 
L U'\J~'lhil'l'l'<lfl 1'iJ AJ'liJA:;LL '\J'\J~1fll1 15 

'il1flfl1'lAfl'H1LL1JULUlil 2 Af'l uuu~hiii 
nci!JA1UA!J 1uWU11'1 36 111'1 811'1L'i1~1'1 

'I 'I 'lJ 'I 

51.6 ± 5 ti mi1u'li1'l 45-62 tl'0 
Lrn:; 

" 
fl1'lAnmwu1EJ'i11u1u 50 'lll'I mmu~l'I " . 
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53.3 ± 4.3 ti mi1u'li1'l 45-60 ti" 
" 

tl1:;dJ'\Ji;J<I Llill'l 1~ Kopperman Menopause 

lndex LL<i:; Clinical Global Impression 

Scale ( CGI) tl1:;LiJutl1:; Ll'l'lf'IJ1~LL<i:; 

A 111J 'YIU Iii 8 m w u11ti1:; U'Yl il i;J <i'll 8'l 1111 . . 
<V ""~ <V ..,..,,,, 

':ifl 1'11 L fl lil'IJ'\J VI <l'l 'ill fl L 'l !J'l fl 1'11 '\Jl '\J 4 

atlii11M lil11'1Cfl'J<fnli1LL8<1fl81l8'1Af'l<i:; 40 

Vll'llil 1u<i:; 2 Af'l '\Jl'\J 12 atl1i11'11 Vl<l'l 

'ill ntl'l:; Lilu i;J <i wui1wu11'1:i181 m'l&i~u 
" 

od "-' <=>ICJocv.J 

!Jlfl A11!J<f1L 'l'il'IJ 8'lfl1'J'Jfl'H1l.l'\Jl'J<fll'lt)J'Yl 

p<O. oo 1 i;J<1~11il'il11111T:11 '11 wu11'Jtl'J:;d'.iu 
" <I'll "'<"'4 

81fll'l'Yll'l81':il.Iruli11l'JIiiUL8'l li11!J15 Profile 

of Mood Scale (POMS) wu11NU11'J 
" 

tl'J:;d'.iu 1 '11 mil i;J<11111fo1'!11u1:;~u&im11 21 

wu11'J'Ylfl':ill'J'Y!uiilmn 1\il&i ilLWl'l'l 4 111'1~ " . 
':i11'1'l1'\Jl1 :iJif t)! Vil nu 1:;UU'Yl1'l Lili'W 81 'lll':i 
dwd dv cv 

L<I fl'\J 81'1L!J8 lil 8'\JL ':il.l lil'W fl1 ':i':ifl'H1 

'ill fl fll'lA fl'Hl LL u u L ti lil'lfil lil~il fl ci !J • 
A1UA!J 1umJ1'llJ'lVl!Jlil 60 111'1 LLU'l88!1 • 
~I • l -d ..J 32 • d 

Luu 3 mm li11'115<t!J 11<1:i.J<1:; 20 A'\J :w • • • 
811'1llill'IL'i1~1'1 54 ± 4 ti 'li1'lfl11'1 45-60 tJ • • 
"" \V Q.I ... 0 

':ifl'Hlli111'1<fl':i<lflli1LL8<1fl81l8<1 'il1'\J1'\J 40 

'lll'llil 1u<i:; 2 Af'l nci:w~<f8'l 11ilfum1 • 
f fl 1'11Iii11'1<l811:w '\JL 8 al lil'l L 'il '\J'llU Iii A 8 '\J 'il -

" 
w ,,J 1•w 

Lfllil 0.625 l.111./1'\J LL<l:ifl<ll.l'Yl<fl:W lil'lUl'll • 
11i18:;~LLWl.l'IJ'\J11il 2 :wn.1-lu 1'111111f111'!1 

'\Jl'\J 3 L&i8ULLiK1tl1:;d'Jui;J<1 wu11m1 

<fnlil'illfl Black Cohosh Yi11'11mm'lhi 

au11'1111mrn:; 1'il<ili1M8ci1'lilumhi-l'l! (p 

) dtl - • <0.05 L:W8 1:;L:W'\Ji;J<Jii111'1 Kuppe1man 

Menopause Index, Self Evaluation 

Depression Scale LL<i:; Hamilton Anxiety 

Scale (RAMA) <fl':i<fnlil Black Cohosh 

1'11i;J<1~tl1:;LiJu11il'L vii nrn8a Lli1'lL'ilULL<i:;m 
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1 
q .,Jtl 4t4q 

lilfl~'lflL'llU'JLlJB 'l~LlJ'IJ liltnti CGI 1/ftJ 

11N'u11'11 i A11 lJ ~1 lJ ii fl \ii a m'lilu m L ll u 
" 

flci1~~ if~i:i~numam 1oi'~oi'11'1 
tl'l~1lntlil1-w 1um1'.i fl1'11'!1 fl~ <11-, 

<lnlil Black Cohosh ol11'1LLB1.1flB!leJ<l°1fl1'lf-

1tl1tl1ufl<1 Af~i;!~ 2 L~l11 1u1.1~ 2 Af~ 
L ~ a'.in 1'11 Bl fll 'j hi <!Ul l'I iil1 L d <l~'illfl VllJ 111 

tl 1~<ij1 t &i au 1oi'f um-,~uuu ol'1t1m10fl1'11 

LLUUU<ll11 2 oll'IJ (double blind) fal'lfll'> 

ri:1Jii11 eici1~ m1~i'.lmV1<1 am lluncilJAJUAlJ 
' ' ' 
tlq tj w ' .,J1 vw " L 'll'IULlll'IUflUfl<llJll 111'lU!lB'HlJ'IJLB<l-

' 
11il'lL'il'IJ'lfUl11AB'IJ'ilLfllil 0.625 lJn.11u 

" ' 
~l'IJ1'1J 80 'lll'I Bl~Lu~l'I 51.2 ± 3.1 ti 
-il1~ml'I 45-58 

33 
N'u11'1 30 '>11'1~1oi'fu 

' " 

v 4q 
11111'115 Kupperman Menopause Index LL<I~ 

HAMA L Vil'IU nu n<ilJ~l.)frnnVl<IBfl 
' 

<ij1u1u 20 111'1 Lta111~1'111ilui1r.J'tl1t1~1vi' 
" 

1rnni'.lmm1~?1°uV1il~'illfl 1vi'1umu1u 4 

iltl1111i1 u1.1~<1111<1~flci1~i'.ltl'mllA'!lJ (p < 

0.001) riau~'i1~1i~iltl1111i1~ 12 ~~tllu 

v ' w 
11111'1 Kupperman Menopause Index LlllflU 

15 V1~au11l'loi1 ua111~i1l:i.l<ij11llulii'11~1'11 

m1fn1'!1m111 tl an llii'~'il1nf n1'l1oi'11'1m1 
w tj ~ 

an111 C. racemosa 'Ul'UtM 3 Ll111l'IJ l<l<lfll'l 

'.in 1'11~fl11L1l at lil'l L'il'IJ'lfU 111A8 'IJ 'i!Lfllil 
v 

m m11:i.l-W'!tl1~a~ .r L'iiutl1111f.111'1~~-wu1:W 
t~l'l1va~num11vi'frnnif~ 
flcilJ~1v)ful'l1Vl<IBflvl11'1 

' 
'ill fl fll 'j An1'11lll~ A l\il fl LL UUL lJ 111 

11111'11:Wi'.locilJA1UAlJ 1uwtl11'1~Ltl~l'l'IJ'illfl 
' ' " 

@Z <::iw :t 
Remifemin A'l~<I~ 2 LlJl11 1'1J1.1~ 2 A'l'I 
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mun~ 6 i&iau -wui1wu1l'I 56% (n=50 
" 

m~tu~l'I 49 u) ~LAt11oi'frnrn·l1lJ'Ulllil 

"' tj Llll'IJLu'IJl'llul11 estradiol valerate 4 lJfl. 

LL<!~ progesterone enanthate 200 lJfl. 1:W 

<ij1 L lJ u.J <N 1v)'.f unl';f n1'11ol11'1 <f fl'l1lJ'IJ an 

tda 1oi'fum-,anl11'illfl C. racemosa NU11'1 
v 

an 44% U~A~lii'eNfll'llMQlil<f1l">1lJ'IJafl 

L ri fl '111fl1 'ltl 'l nil u iii' 11'1 Ku pperman 
' .,J1 v; Menopause Index Score Alfl~LL'W'Ull 1111ill 

ni1 15 mh'!iJUl'ltllA!lJ (p<O.OO 1) LL<l111~ 

i1 fll'lf fl1'11U'l~<IU A11 lJtll L ~'ii 34 

-wu1'11ia11ail111'il1fl Black 

Coho sh L 'IJ<llil~~'!lllil<f 1l'l1lJm d 1l'l'ill fl Nl 

iiJ111f~ 1'1ln1oi'1<1<1~ 'illflfll'lAfltll L U~l'IUL Vil'IU 

nu fll'l L 'Ii' l18TilJ'WlllilLL ll'IJ l 'IJ<llil~Bll'l~lflil 
' 

40 ti ~t:J1iil1i1'.i~ 1 '111 tlu'1'1i'.l mm'l 1:i.larnrn1)~ 
nci11 <ij1u1u 60 A'IJ

42 
LLU'181lml'lu 4 

nciw1 <i~ 15 Au ocimt'>fl 1oi'fu!la11:i-m 
' ' 

estriol (1 lJfl.!1u) fl<ilJ~<l1l'l 1oi'furna-, 
11i1'lL'il'IJ'lfUl11A1l'IJ'ilLfllil (1.25 lJfl.!1'1J) 

" 
ncilJ~<lllJ 1oi'fu llfl'l1:1Ju1<1<llJ~ii estradiol 

' 
2 lJfl. ~1lJnU norethisterone acetate 

"" • dw w w 
l :!Jn. nun~lJll'lfl1'1111111'1<ll'l<lfl111 c. 

d "" w :; 
racemosa ll<ffll1111111'1 isopropanol ( A'l~<I~ 

<:;$ "" :; ' QJ .,... 

2 LlJl11 1'1J<I~ 2 A'l~) 'W1J11Vl<l~'illf)"jfl1'f1 

1tl 6 t&i11utt'1'1 wl11!'Ji'.lmm1<11i1<1'!8ci1~i'.l 
" 

u!'J<l1A°!lJ -wui1 l:WiJm1mLlilflITTl'lnuaci1'! 

i'.lul'l<l1A'ru1 uot1:1J~'.iou1if~ 4 ocilJ~ 
' ' 

iltl1111i1~ 4,8 LL<i~ 12 1:W-wu11i'.lmilJLl11~ 
' 

i'.lm'l L tl~ l'l'IJLL tl <l'l'!l 8~1~iilu ll 1l'l1l-J'IJ LH 

LL<I~ FSH 1u'ilZlJ 

fl T> Amon A11 m 1'l irri 'if 'lliN l'I 1 

'iJlf)"j1Ml'W'!11l~U~Mll Schaper & 
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d ~I w ""' • • ® Bruemmer '1f-.Hu1.!WWGllil Rem1femm WU 
" 

1l'llflfll1flfltll1111 l-J L fi ti V1t1'1fUi1L~1l :r'l 
(Ul'W 6 L&iau) '111l'lill'lWlli1'11i'l'lm Remi­

femin ® ~Vil 1u1tl granule fl'UVl'W'lll1W'WB 
" " , 

'la1i11'i°L wmiil'l 1i.iwui1m1<1n1i1iil'ln<.i11~ 
.:.I ~ !'vw 
lJ'll'Wllil\!'ltN 5,000 l-Jfl./flfl. 1Jl'Vl'Wflli11 

mu5'l s <l'tl1i11;1 l'i11 iLnlilm1muuV11o1 

LLri Vl'W'1111 ua lil'li1 m1afi' lilil' ii 1111 l-Jtl GI o lil 
" v ,,. 

'ill fl fllTYJ Iii<! OU fll':ifl Glll'JW'W lililll'J , 

15 Ames test L'l.!'111.Jllil 0.32-1,000 lJfl. . . 
ciO'i!l'WL~l'J'lL:/li'J LL<llil'l 1id:\ui11iJiJmllll 

1iL:iJ'Bi'GI1l-lL'W'1GllLnlilm'lflGlll'JW'Wo11ii' 1i.i , 

wui1l'i11 iLOlilfll'lflGlll'JWUo1 u L'liGl<i'~ L Wl~ 
' 

L~l'l'l LU~l'J'ULTil'JUflU negative control Lflo 
Q d • 1 ~4 ,, 

lJ S9 ( L Wi'lfl'l~lil'WLl-Jlil~ UGl'lil-J'llO'lL'liGIGI , 
QJ ~ ;f 'V ' '/) 11 
<fli11LGll'J'l<lflli111'J'Wl-J) 1:-J<ll-Jtll'llilll'J 

" " 

• v ... ~- 1 •4 ... ,, ·irn !i11'l"!~1'l LLGl~u!]fl'H.11 :1-l'l\l'lu"!~<l'l !i1 

if'l hi iJ.,1l'l'llu5'li ai1lJ1iV1'.la 

fll'lLOliltlljn'lmal-JW'WBfJUUl ~u 'l\l'UllU 

~ d 1 .d..:.i dw tj 

W GI L<l'l lJ l] 'VI li ill-l'W W'l'Yl lJ l] 'Vllilill'W 81 fll'l'lilJ 

w1{111ii' Lilu St. John' s wort 

.,(. Q 

tj'Yl 1i'1ll'l L Iii l'l'l 

'ill fl m 1 fl fl 1o11 m'l A i:l u fl w u 11 W'tl 1 l'J 
" 

..,,. "ol .,, (;'\'. w d 
'll I'll-I 81 fll'l'l~ Al l'J LA tl'l'Ul'l LGlfl'W tl l'J'Yl'Vll'l 

Liil'Ufll'Vll"l 

'1lUllilL'li' 

0 <V QJ .d 0 ~l .J ""d 
<ll'Vl'lU<ll'lilfllil'YJ'YllLuUl'Jl'Vll-J'1ftl 

mwhi1 Remifemin® rll'VIUlilLiA~'l<l~ 
i;:S<V ;f;91 i;:J oOJ 

1 L:Wlil 1U'1~ 2 A'H L'1f1LL<l~Ll'IU <ll'V11'Ul'l1 
• • • 
UlLiA-r'lGI~ 20 Vll'llil i°''W<l~ 2 A-r'l 
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1 0~.l'VQ WGl'lltl'll'Jl'il~ lJLfllil'll'W'YJU'YJ tJ<lfll'l 

-r fl tll A ~'l LL 'j fl'il~ L ilu 1vi' VI tl'l'ill fl fll'l{fltll 

2-4 <ftlli11'11 5'lLtiJ'11iil1t11'il~UA1llJ 

U<l tllilii' ti <l'l LL<!~ w Ul!J'Vl'Wvi 8m1vi'&i n1i.i 
" " 

uu~il1LV1Liu1u1utflu 6 L&iaullila 

tl·n A'ill fl fll'l 1i1 U<l'll tl'l u W'YIU 
" 

• 
mill'll'Wllil 50, 100, 150 :w<i. 

LL<l~'111Jlli1U"l'l'il'lltl'l h'lWUlUl<l 500 lJ<l. 
' 

I d &i d I 

<11'!..ltllLlJlil:W 60, 100 LL<l~ 200 Ll-Jlil mu 

'111Jlli1'118'lh'l'l\IU1U1<1 1,000 d.iii1 11 

d~ 
Cimicifuga racemosa 'YllJlJllil'l~l'W'lltl'l 

tl'lmrum1a tlfll]'Ylll1 u1tl LLUU'lli'l'lm L llu 
" 

S fl 'Yll'l L ~ 8 fl VI d'l'll tl'l fll 'l-r fl tll 81fll1 hi 
<!Ull'lflll'JU<l~'J\il L'iJ'lJtJ'l<flil~i°'tJ'Yltl'l llill'ltll'il 

1 M 'i1 lJ fJU fll 'l-r fl1'11vl11'1lli'J1llJ'W 'VI 1i1 LL 'YI ti 

V1'.la 1iu 'Vl'Wlltl'lll-JU'YllilLL 'YIU L 'W<llil~i'a'Yla'l~ 
ii 1'111 lJ L~l'l'l vi 8 fll "j LO Iii j,J~ L 1'l LW l'W j,J LL<!~ 
:w~ L1'l:Wlill!fl V1'.la 1 ua1i1'.li'u'Yli'l'l~tll] L<lofll'l 

:r fltl1vl1l'Jll8 'lllJ ti 'Vllil LL 'YIU L d tl'l'ill fll] 'VI B'li'1'l 

LAl'l'l wui1 wi'l1mh11 hmiu i'JlJ{ULL<l~'Vl'W 
" " 

'll tl'l LL W'YJU Lfl o"ii1tfitii1M 1 imil'L fi 'UL lal 

1Jl'WlO'W 6 L&ii'JU llill'JL'Vllil~if'l 1i.iiJw<ifll1 , 

fl fl tll~ LL ii ti i'J'W t fi 1'11 fi' u fll'lU iN nu fll'l 

v d~, .. I YI 
<!Glll'lli11'll eNfl'l~lilflU<l~i:-J<l'Vllil t 'Wfll'luflu i'l'l 

" 
VI '1i'11i1L~i'J1i1 LW~ll1 l'il ~'l LL 'W~U 1 L '11l i 
Remifemin® L 'Wfl'HUU'l'lL 'Vlli'llfll'l hi 

, 1 v .. ,.J .J " 
<!Ull'Jflll'JLL<i~ t'il t1'>~1'Jnmum1u L'l\li'lLWlJ 

A tlJi)l'l\1:/51\il'll i'l'l <f lil~L 'l..11 l'l'Yl eN LL<!~ Wlfl<i'if lil 
' " 
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Acetaminophen : an Effective Treatment for 
the Least Disabling Migraines 

Acetaminophen is highly effective in treating 
pam, funct10nal disability, photophobia, and 
phonophobia in some patients with migraine. 
The investigators randomized 289 subjects to 
treatment with oral acetaminophen 1000 mg or 
placebo for a single acute migraine attack. 
Excluded from the study were subjects who 
usually required bed rest with their migraine 
or who vomited with more than 20% of the~ 
migraine attacks. At 2 hours postdose, 57.8% 
of patients in the acetaminophen mm and 
38.7% in the placebo arm reported response to 
treatment. This included 22.4% and 11.3% 
respectively, who were free of pain. For thos~ 
reporting severe pain at baseline, response at 2 
hours was 50.9% and 27%, respectively. 
Treatment was rated as good to excellent by 
51. 7% of subjects who used acetaminophen, 
compared with 28.2% of those treated with 
placebo. Similar trends were docmnented for 
the proportions of subjects whose functional 
disability, photophobia, and phonophobia were 
reduced to zero at 2 hours and 6 hours 
following treatment. However, the 
investigators observed no significant difference 
between groups in the proportion of patients 
whose nausea was relieved, and suggested that 
migraine was a symptom complex and that 
effective treatments that made the pain better 
also made the associated symptoms better. 
[Arch Intern Med 2000; 160: 3486-3492] 

Synthetic Helical Peptides Block HIV 
lnfectivity 

Synthetic helical peptides derived from the 
fusion mediating portion of HIV glycoprotein 
gp4 l potently inhibit HIV infection. The 
extracellular domain of gp41, including two 
helical regions, is important for 
oligo1nerization and virus-induced fusion, the 
authors explain. Both helical structure and 
bonding patterns called helix-capping motifs 
appear to be important in the inhibition of 

fusion and infectivity seen with so-called C 
peptides derived from these regions. The 
investigators tested several synthetic peptides 
designed to be highly helical in solution with 
and without helix-capping motifs, ror' their 
HIV-inhibiting potential. Simply adding 
capping motifs to a 19 amino acids wild-type 
(WT) peptide (creating Caps-WT) did not 
induce the desired helical conformation, the 
report indicates, but changing eight residues to 
alanine or lysine (creating MT) did. Moreover 
introducing capping motifs to the modified 
peptide (forming Caps-MT) significantly 
enhanced its helical conformation. Among the 
various peptides, WT and MT showed weak 
affmity to the coiled-coil motif needed for 
gp4 l mediation of fusion, but peptides with 
capping motifs showed significant association. 
Caps-MT, with the highest helical propensity, 
also showed the highest affinity for the coiled­
coil motif of gp4 l. In fact, binding affinity for 
the coiled-coil motif of gp41 proved to be 
proportional to the helical content of the 
peptides, the results indicate. The inhibition of 
cell fusion by the peptides paralleled their 
binding affinity for the coilod-coil motif of 
gp41, the investigators observe. Again, Caps­
MT was the most effective inhibitor among the 
peptides tested. These observations indicated 
that the designed peptides were able to prevent 
the membrane fusion process mediated by 
gp4 I by binding specifically to the coiled-coil 
motif of gp4 I. These results implied that such 
modification was enough to change a short 
peptide derived from gp4 I into a potent 
inhibitor against the infection of HIV. 
[AIDS Res Hum Retroviruses 2000; 16: 1797-
1804} 

Experimental Drug Reverses Cognitive 
Impairment in Rats 

The investigational drug GT 715 may restore 
lost brain function, results of an animal study 
suggest. The drug increases brain activity of 
guanylyl cyclase (sGC). GT 715 acts on the 
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same cell-signaling pathway as nitroglycerin, 
but the drug's action is targeted more to the 
brain than to the cardiovascular system. When 
GT 715 was administered to healthy rats before 
they entered a water maze, it did not affect 
their navigational abilities, even when given at 
very high doses. But when GT 715 was given 
to the animals after they had received another 
drug that reduced their mental abilities, the 
rats' performance improved, and higher doses 
of the drug led to greater improvement. This 
study provides the first evidence that activating 
sGC may improve mental performance. The 
results of this study therefore suggest that 
stimulation of cerebral sGC activity may be an 
effective strategy to improve learning and 
memory performance in individuals in whom 
cognitive abilities are impaired by injury, 
disease or aging. The researchers' goal is to 
develop a drug that not only relieves symptoms 
of neurological diseases but also prevents 
further impairment. Depending on funding for 
the research, a safety study of GT 715 may 
begin within the next year or so. 
[NeuroReport 2000; I I: 3883-3886} 

Sexual Behavior Abolished in Male Mice 
Lacking Estrogen Receptors 

Male mice engineered to lack both the alpha 
and beta estrogen receptors show no sexual 
behavior toward receptive female mice and 
greatly reduce their aggressive behavior toward 
other male mice. The investigators found that 
these mice exhibited no sexual behavior, 
including simple mounting. In addition, 
ultrasonic vocalization, a normal male mating 
behavior, did not occur in the presence of a 
receptive female mouse. Aggressive behaviors 
such as lunge and bite aggression were also 
reduced and they rarely demonstrated offensive 
attacks. It appears that either one of the 
estrogen receptors is sufficient for the 
expression of simple mounting in male mi~e, 
indicating a redundancy in function. Offensive 
attacks, on the other hand, depend specifically 
on the estrogen receptor-alpha gene. In other 
studies, it has been shown that all components 
of sexual behavior are intact when estrogen 
receptor-beta is missing, and that decreased 
intermissions and no ejaculations occur when 
estrogen receptor-alpha is lacking. 
[Proc Natl Acad Sci USA 2000; 97: 14737-

. 1474J} 
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Lotronex Withdrawn from US Market 

At the request of the US Food and Drug 
Administration (FDA), Glaxo Wellcome 
announced that it would voluntarily withdraw 
alosetron (Lotronex), a prescription medication 
for the treatment of women with diarrhea­
predominant irritable bowel syndrome (JBS) 
and planned to cease distribution of Lotronex 
immediately. Glaxo Wellcome took this step 
after in-depth discussions with the FDA about 
gastrointestinal adverse effects such as 
ischemic colitis that occurred in association 
with the use of Lotronex. There also have been 
5 fatalities from complications of gastro­
intestinal events, although Glaxo Wellcome 
has stated that it does not believe that a causal 
relationship to Lotronex has been established. 
Glaxo Wellcome has proposed a range of 
elements which the company believed would 
adequately and effectively address these risks. 
These included further label modifications, 
restricted distribution, on-going patient 
education, new clinical and epidemiological 
research, and use of an independent medical 
review board. The FDA, however, called these 
proposals inadequate and requested that Glaxo 
Wellcome voluntarily withdrawed Lotronex 
from the market. Glaxo Wellcome took a 
different view from FDA on the ability to 
educate physicians and patients about the 
management of potential adverse effects and 
benefits of Lotronex. However, Glaxo 
Wellcome representatives will immediately 
contact healthcare professionals to advise them 
of the discontinuation of distribution and 
marketing. Physicians should then begin 
contacting their patients to discuss a plan to 
transit them to alternative therapies. JBS is a 
chronic, recurring condition that affects an 
estimated I in 5 Americans. Although the 
cause is unknown, JBS is characterized by 
multiple symptoms that include chronic or 
recurrent abdominal pain and discomfort and 
irregular bowel function. 
[http:llwww.medscape.com/MedscapeWire/20 
0011J00/medwire. I I 29.Lotronex.html] 

Receptor Desensitization Linked to 

Morphine Tolerance 

While still capable of developing physical 
dependence, mice lacking beta-arrestin-2 (beta­
arr-2) fail to develop morphine toleranc_e. The 
main clinical implication of these findmgs is 
that inhibiting the process of G protein coupled 
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receptor desensitization can augment the 
efficacy of agonist drugs or endogenous 
agonists. With respect to morphine, inhibitors 
of the desensitization process will not only 
greatly potentiate the analgesic effects of 
morphine and reduce tolerance, but also, 
because of the lower doses of drug needed, will 
reduce unwanted side effects. The investigators 
found that unlike wild-type mice, which 
experienced a 50% drop in morphine 
responsiveness after a high priming dose of 
morphine, beta-arr-2 knockout mice 
maintained the same degree of responsiveness 
to morphine. Similar results were seen after 
daily administration of morphine. Chronic 
daily administration of morphine shifted the 
dose-response curve of wild-type mice in the 
direction of diminished sens1t1VIty, the 
researchers noted, but had no effect on the 
dose-response of beta-arr-2 knockout mice. In 
contrast, both wild-type and knockout mice 
with prolonged exposure to morphine 
experienced withdrawal after administration of 
naloxone and showed increases in adenylyl 
cyclase activity, a hallmark of opiate physical 
dependence. 
[Nature 2000; 408: 720-723} 

Peptide Mixture Improves Cognition in 
Alzheimer's Disease Patients 

Cerebrolysin, produced by enzymatic 
breakdown of lipid-free porcine brain protein 
to free amino acids and peptides, which has 
been shown in previous studies to improve 
various facets of brain function in Alzheimer's 
disease patients, appears to be safe and 
effective when used over a 4-week period to 
treat cognitive deficits and global function in 
patients with mild to moderate Alzheimer's 
disease. The study by Dr. Chul-Young Bae, of 
Pochon CHA Medical University, in Kyonggi­
do, and associates, examined the effect of 
cerebrolysin on different primary and 
secondary outcome measures. Thirty-four 
subjects were. administered intravenous 30 mL 
cerebrolysin in 100 mL saline 5 days a week 
for 4 weeks, while 19 subjects received 
placebo. According to the Alzheimer's Disease 
Assessment Scale-Cognitive subscale, patients 
in the treatment arm had a significant mean 
improvement of 3 .23 points compared with a 
change of only 0.36 point in the placebo arm. 
On this subscale, 82.4% of cerebrolysin-treated 
patients improved versus 31.6% of placebo­
treated patients. The authors noted that the 
2.87-point benefit of cerebrolysin over placebo 
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was comparable to results exhibited by the 
cholinesterase inhibitors tacrine, donepezil, 
and metrifonate. Similar findings were 
documented for the Clinical Global Impression 
of Severity/Change and the Mini-Mental State 
Examination. 
[J Am Geriatr Soc 2000; 48: 1566-1571} 

Tumor Suppressor Gene Expression 
Inhibits Angiogenesis in Murine Model 

Expression of RB2/pl30, a member of the 
retinoblastoma tumor suppressor gene family, 
inhibits angiogenesis and down regulates 
vascular endothelial growth factor expression 
in vivo. Using cell culture methods and a 
murine model, the investigators assessed the 
vascular-related effects of experimentally 
induced RB2/pl30 gene expression in lung 
cancer and glioblastoma cell lines, and found 
that induction of RB2/p130 gene expression, 
achieved through a variety of techniques, 
inhibited angiogenesis in the murine model. 
This finding correlated with the results of in 
vitro and in vivo analyses that showed a down 
regulation of vascular endothelial growth 
factor protein expression when the gene was 
expressed. This study showed that the tumor 
used vascular endothelial growth factor to have 
the host cell produce vessels to feed it and the 
number of vessels that would form normally in 
the control tumor could be inhibited 10 times. 
RB2 has been shown to be one of the few 
molecules that can strongly inhibit the growth 
of tumor cells in animal tests, suggesting that it 
can be a new biological drug. The research's 
goal is still to seek FDA [US Food and Drug 
Administration] . approval and to bring this 
entire system to patient trials. Eventually, 
especially for lung cancer, the researchers want 
to develop an easier way of delivering RB2, 
perhaps by aerosol and are in the process of 
designing small molecules to more efficiently 
deliver the small portion of RB2 necessary to 
inhibit tumor growth. 
[Cancer Res 2001; 61: 462-468} 

Mechanism of Action ofIVIG Identified 

Clearing the way for the development of new 
drugs to treat autoimmune disorders, 
researchers have determined the mechanism of 
action of intravenous gamma globulin (!VIG), 
long used to treat infectious and inflammatory 
diseases. In a mouse model of immune 
thrombocytopenia, they found that !VIG 
induced the expression of an inhibitory Fe 
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receptor, Fc-gamma-R!IB, on splenic 
macrophages and prevented platelet 
consu1nption, They treated mice with an 
antiplatelet monoclonal antibody, which 
mimicked a pathogenic autoantibody and 
induced immune thrombocytopenia. Disease 
was dependent on the presence of the Fc­
gamma-Rlll receptor, and either !VIG or its Fe 
fragments were effective in protecting against 
disease. Next, the researchers induced disease 
in mice whose endogenous Fc-gamma-Rlll 
gene was replaced by the human Fc-gamma­
IIIA gene, which was not expressed on 
neutrophils. The mice were still susceptible to 
disease, so the authors suggested that 
neutrophils were not necessary to induce 
disease. In addition, since splenectomy 
protected against disease, they suggested that 
splenic cells such as macrophages were 
necessary to induce disease. According to the 
results of previous studies, the effects of FcR­
gamma-111 were balanced by an inhibitory 
receptor, Fe-gamma-RHB, so the researchers 
induced disease in mice lacking the inhibitory 
receptor. The mice were susceptible to disease 
and could not be protected by treatment with 
!VIG. Further investigation showed that in 
normal mice, !VIG treatment led to a 60% 
increase in the nu1nber of splenic 1nacrophages 
expressing high levels of Fe-gamma-RHB. 
These data support the conclusion that !VIG 
mediates its protective effect by its ability to 
induce the expression of inhibitory Fc-gamma­
RIIB receptor on effector cells that will 
otherwise trigger clearance of the opsonized 
platelets. Although the experimental model is 
quite different from the clinical situation, in 
that !VIG is administered before the 
pathogenic autoantibody. Nevertheless, the 
study demonstrates that FC-gamma-RIIB is 
crucial for mediating the anti-inflammatory 
activity of !VIG and that modulating surface 
expression of Fc-gamma-RIIB is a viable 
strategy for treating autoimmune disorders. 
The way is now clear to develop potent drugs 
that can mimic the effects of !VIG on Fc­
gamma-RIIB expression. 
[Science 2001; 291: 484-486} 

New Survey Illustrates Trends in 
Parkinson's Disease Treatment 

According to survey results released on 
Monday by the American Parkinson's Disease 
Association, Inc. (APDA), nearly 92% of 
neurologists surveyed have shifted their 
prescribing behaviors during the past 3 years, 

Laddawal Phivthong-ngam 

with 85% now prescribing dopamine agonists 
as a first-line treatment of choice. The survey 
polled 205 practicing neurologists to determine 
their views and current prescribing behaviors 
of Parkinson's disease. There is an ongoing 
conn·oversy in the medical community whether 
patients should be given levodopa or a 
dopamine agonist as an initial treatment for 
Parkinson's disease. Levodopa has been the 
"gold standard 11 for 35 years and is used in a 
majority of patients. Unfortunately, over time, 
levodopa can cause dyskinesias that can inhibit 
patients' ability to function. Dopamine agonists 
are a class of drugs that mimic the effects of 
dopamine in the brain by stimulating dopamine 
receptors; research shows that dopamine 
agonists may lower a patient's risk of 
developing the uncontrollable and irreversible 
dyskinesias often associated with levodopa 
therapy. Knowledge of Parkinson's disease has 
grown tremendously over the past few years. 
Recent controlled studies suggest that, in many 
patients, dopamine agonists are an excellent 
alternative to levodopa in the early stages of 
Parkinson1s disease. These results indicate that 
the treating physicians are incorporating the 
results from recent trials into their clinical 
practice. The survey was conducted by 
Hospital Research Associates at the 52nd 
American Academy of Neurology (AAN) 
Annual Meeting in San Diego, California. 
Other survey results indicated: 
• 93% of neurologists cite dyskinesias as a 

problem for Parkinson's disease patients on 
levodopa therapy. 

• 76% believe initial therapy with a dopamine 
agonist helps delay the need to initiate 
levodopa therapy. 

• 77% believe initial therapy with a second 
generation dopamine agonist helps delay the 
development of dyskinesias. 

• 88% note Parkinson's disease patients are 
taking a more active role in the treatment of 
their disease. 

• 79o/o choose to start treating younger 
Parkinson1s disease patients with dopamine 
agonists. 

[http :!!www.medscape.com/Medscape Wire/20 
0110100/medwire. 0109. Survey. html} 

Perforin and Interferon-Gamma Contribute 
Independent Antitumor Effects 

Perforin and interferon-gamma independently 
and equally account for the natural antitumor 
activity mediated by natural killer (NK) cells in 
mice. While perforin (pfjJ) expression has been 
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previously shown to prevent tumor initiation, 
growth and metastasis, it cannot account for all 
the tumor protection afforded by NK and NKT 
cells, the authors explain. The possible role of 
interferon (IFN)-garuma in the natural 
antitumor response has not been compared 
previously with that of pfp. The investigators 
examined the relative role of pfjJ and IFN­
garuma in three distinct models of tumor 
irumunity in mice. Mice deficient in either pfjJ 
or IFN-gamma developed significantly more 
metastases than did wild-type mice, but they 
developed fewer metastases than did mice 
depleted of NK cells. Mice doubly deficient in 
pfjJ and IFN-garuma proved as susceptible as 
NK-cell-depleted mice to tumor metastasis. 
The results in mice deficient for pfjJ, or pfjJ and 
IFN-gamma, indicated that this independent 
antimetastatic function of NK cells might 
involve both the cytolytic activity of pfjJ and 
antitumor activity of!FN-gamma. Both pfjJ and 
IFN-gamma deficient mice developed 
significantly more MCA-induced 
fibrosarcomas than did normal mice, the report 
indicated, and doubly deficient mice developed 
as many sarcomas as did NKT-cell-depleted 
mice. The authors demonstrated for the first 
time that in innate antitumor responses that 
involve relatively different contributions by 
NK and NKT cells, the killer cell pfjJ and 
cytokine IFN-gamma constituted independent 
mechanisms that together controlled tumor 
initiation and metastasis. The investigators 
indicated that future research efforts would be 
directed at defining how these antitumor 
effects were orchestrated. 
[Blood 2001; 97: 192-197} 

ZymoGenetics Researchers Identify New 
Molecule Related to Psoriasis 

Researchers at Seattle, Washington-based 
ZymoGenetics, Inc. have identified a new 
member of the interleukin family of proteins 
that may be implicated in the development of 
psoriasis. The researchers discovered the 
human gene coding for the molecule, 
designated as interleukin 20 (IL-20), belonging 
to a class of cytokines responsible for 
regulating cellular processes in healthy and 
diseased tissues. The scientists further 
characterized the interaction between the IL-20 
protein and a cell-surface receptor composed 
of two sub-units, named IL-20R alpha and IL-
20R beta, which were present in human skin 
cells. In transgenic mice genetically engineered 
to overproduce IL-20 within their bodies, 
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ZymoGenetics scientists observed that the mice 
developed skin similar to psoriatic skin lesions 
in hutnan. In a culture study, the researchers 
also discovered that IL-20 appeared to 
stimulate the activation of hu1nan 
keratinocytes, cells presented in the outermost 
layer of the skin. Further analysis of human 
skin tissues for the presence of the two receptor 
subunits for IL-20 demonstrated that both 
1nolecules were present at very low levels in 
normal skin and also presented at much higher 
levels in psoriatic skin. The transgenic mice 
study indicateed an 11 interesting association" 
between IL-20 and psoriasis. The IL-20 
molecule is still in the "research 11 stage of 
development. The company plans further 
animal studies to determine if inhibition of the 
IL-20 ligand can play a therapeutic role in 
regulating the pathogenesis of psoriasis. 
Psoriasis affects between I% and 2% of the 
United States population, or about 5.5 million 
people. Although the disease occurs in all age 
groups and about equally in men and women, it 
primarily affects adults. People with psoriasis 
may suffer discomfort, including pain and 
itching, restricted motion in their joints, and 
e1notional distress. 
[http://www. medscape. com/reuters/profl200 I I 
01101. 15/20010112scie006.html} 

New Hormone May Link Obesity to 
Diabetes 

Using a murine model, Pennsylvania 
investigators have identified a fat cell-secreted 
hormone, which they named resistin (for 
resistance), that causes insulin resistance 
similar to what seen in type Il diabetic patients. 
The researchers from the University of 
Pennsylvania School of Medicine in 
Philadelphia, screened for genes that were 
present during fat cell differentiation but down 
regulated in mature fat cells exposed to the 
antidiabetic thiazolidinedione class of drugs. 
From this search, they discovered resistin. In 
the animal model, the authors found that 
circulating levels of resistin were decreased 
when the anti-diabetic drug rosiglitazone was 
given. Nonna! mice treate9 with a recombinant 
form ofresistin had impaired glucose tolerance 
and insulin action. Mice with genetic and diet­
induced fonns of obesity demonstrated 
elevated levels of resistin. In addition, in mice 
with diet-induced obesity, antibodies against 
resistin improved blood sugar levels and 
insulin action. In vitro adipocyte analysis 
revealed that resistin treatment impaired 
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glucose uptake, and neutralization of the 
hormone enhanced uptake. Resistin is a strong 
candidate to explain the anti-diabetic effects of 
thiazolidinediones, as well as a mechanism by 
which excess adiposity leads to insulin 
resistance. If the regulation and properties of 
human resistin are similar to those of mouse 
resistin, potential anti-diabetic therapies could 
include reduction of serum resistin level, 
neutralization of the biological activity of 
circulating resistin, and/or antagonism of 
resistin action directed against the cellular 
receptor(s ). 
[Nature 2001; 409: 307-31). 

CDK Inhibitors Prevent Chemotherapy­
Induced Alopecia in Animal Model 

Several synthetic inhibitors of the protein 
kinase CDK.2 safely prevent chemotherapy­
induced alopecia in rats. Many 
chemotherapeutic drugs exhibit cell-cycle­
specific cytotoxic effects, and inhibiting cell 
cycle progression of nonnal hair cells may 
reduce these cytotoxic effects. The 
investigators developed and tested several 
synthetic compounds designed to specifically 
inhibit CDK.2. In SCID mice transplanted with 
human scalp, topical treatment with CDK 
inhibitors produced similar inhibition of cell 
cycle progression, the results indicated. 
Pretreatment of human diploid fibroblast cells 
with one CDK2 inhibitor reduced the 
cytotoxicity of taxol, etoposide, cisplatin, 5-
fluorouracil, and doxorubicin by factors of 5, 
1.5, 8, 4, and 5, respectively. Furthermore, in a 
neonatal rat model of chemotherapy-induced 
alopecia, topical treatment with CDK.2 
inhibitors protected 50% of rats from 
etoposide-induced alopecia and protected 33% 
from alopecia after cyclophosphamide­
doxorubicin treatment. The leading CDK.2 
inhibitor caused no apparent toxic effects in 
either animal model or in normal rat skin 
treated with the compound. On the basis of the 
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evidence, clinical trials in cancer patients to 
assess the efficacy of this approach to prevent 
chemotherapy-induced alopecia may be 
warranted. 
[Science2001; 291: 134-137} 

Long-Term Use of Non-aspirin NSAIDs 
Reduces Colorectal Cancer Risk 

Long-tenn use of non-aspirin nonsteroidal anti­
inflammatory drugs (NA-NSA!Ds) reduces the 
risk of colorectal cancer by half, independent 
of the treatment indication. Researchers 
conducted a population-based cohort study 
with secondary case-control analysis to 
examine the link between colorectal cancer risk 
and use of aspirin and individual NSA!Ds, 
including the role of dose and duration. Using 
the General Practice Research Database in the 
UK, they traced 943,903 subjects who were 
between the ages of 40 and 79 years and who 
were free of cancer and colorectal adenoma 
from 1994 to 1997. They identified 2,002 
incident cases of colorectal cancer. The 
incidence rate of colorectal cancer per 10,000 
person-years was 7.3. After 6 months of 
continuous treatment, the risk of colorectal 
cancer was reduced in people who used NA­
NSA!Ds, with an adjusted relative risk of 0.5. 
High daily doses were associated with a 
slightly greater reduction than low-to-medium 
doses. One year after stopping NSAID 
treatment, the reduction in risk disappeared 
completely. According to the report, long-term 
users of aspirin at doses of 300 mg/day also 
had a reduced risk of developing colorectal 
cancer, with a relative risk of 0.6. However, 
there was no reduction in risk a1nong those 
who used aspirin at daily doses of 75 mg and 
150 mg. Based on these findings, 1-year 
treatment with NSA!Ds would prevent one 
case of colorectal cancer in a population of 
1,000 persons of70 to 79 years of age. 
[Epidemiology 2000; 12: 88-9} 
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